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AMSTRAD PORTABLE PC'S FROM £149 (PPC1512SD). 
£179 (PPC1512DD). £179 (PPC1640SD). £209 
(PPC1640DD). MODEMS £30 EXTRA.NO MANUALS OR 
PSU. 


HIGH POWER CAR SPEAKERS. Stereo pair output 100w each. 
4ohm impedance and consisting of 6 1/2" woofer 2" mid range and 
1" tweeter. Ideal to work with the amplifier described above. Price per 
pair £30.00 Order ref 30P7R. 

MICROWAVE CONTROL PANEL. Mains operated, with touch 
switches. Complete with 4 digit display, digital clock, and 2 relay 
outputs one for power and one for pulsed power (programmable). 
Ideal for all sorts of precision timer applications etc. Now only £4.00 
ref 4P151. 

FIBRE OPTIC CABLE. Stranded optical fibres sheathed in black 
PVC. Five metre length £7 00 ref 7P29R 

12V SOLAR CELL.200mA output ideal for trickle eS 
charging etc. 300 mm square. Our price £15.00 ref |. 
15P42R 

PASSIVE INFRA-RED MOTION SENSOR. 


Complete with daylight sensor, adjustable lights ae - 

on timer (8 secs -15 mins), 50' range with a90 . = a 
deg coverage. Manual overide facility. Com- ony Ts, 

plete with wall brackets, bulb holdersetc. Brand “it ty Wo 
new and guaranteed. Now only £19.00 ref eees 
19P29 


Pack of two PAR38 bulbs for above unit £12.00 ref 12P43R 
VIDEO SENDER UNIT Transmit both audio and video signals 
from either a video camera, video recorder or computer to any 
standard TV set within a 100' range! (tune TV to a spare channel). 
12v DC op. £15.00 ref 15P39R Suitable mains adaptor £5.00 ref 
5P191R 
FM TRANSMITTER housed in a standard working 13A adapter 
(bug is mains driven). £26.00 ref 26P2R 
MINATURE RADIO TRANSCEIVERS A pair of _& 
walkie talkies with a range of up to 2 kilometres. Units wl 
measure 22x52x155mm. Complete with cases. £30.00 ed ie hs A 
ref 30P12R WJ lt 
FM CORDLESS MICROPHONE.Small hand held unit '-~ 
with a 500' range! 2 transmit power levels reqs PP3 battery. Tun- 
eable to any FM receiver. Our price £15 ref 15P42AR 
12 BAND COMMUNICATIONS RECEIVER.9 short >---.... 
bands, FM, AM and LW DX/local switch, tuning ‘eye’ mains 
or battery. Complete with shoulder strap and mains lead tee SS. =] 
NOW ONLY £19.00!! REF 19P14R. 
CAR STEREO AND FM RADIO1Low cost stereo system giving 
5 watts per channel. Signal to noise ratio better than 45db, wow and 
flutter less than .35%. Neg earth. £19.00 
ref 19P30 | 
LOW COST WALIKIE TALKIES.Pair of battery oper- | 
ated units with a range of about 200'. Our price £8.00 a 
pair ref 8P50R aa 
7 CHANNEL GRAPHIC EQUALIZERbUs a 60 watt 
power amp! 20-21KHZ 4-8R 12-14v DC negative earth. Cased. £25 
ref 25P14R. 
NICAD BATTERIES. Brand new top quality. 4 x AA's £4.00 ref 
4P44R. 2x C's £4.00 ref 4P73R, 4 x D's £9.00 ref 9P12R, 1 x PP3 
£6.00 ref 6P35R 
TOWERS INTERNATIONAL TRANSISTOR SELECTOR 
GUIDE. The ultimate equivalents book. Latest edition £20.00 ref 
20P32R. 
CABLE TIES. 142mm x 3.2mm white nylon pack of 100 £3.00 ref 
3P104R. wala ay of 1,000 ties £14.00 ref 14P6R 

T A CARAVAN OR BOAT? 


NEW 80 PAGE FULL COLOUR LEISURE CATALOGUE 
2,500 NEW LINES FREE WITH ORDER ON REQUEST 


OR SEND £1.00 
GEIGER COUNTER KIT.Complete with tube, PCB and all compo- 
nents to build a battery operated geiger counter. £39.00 ref 39P1R 
FM BUG KIT.New design with PCB embedded coil. Transmits to 
any FM radio. 9v battery req'd £5.00 ref 5P158R 
FM BUG Built and tested superior 9v operation £14.00 ref 14P3R 
COMPOSITE VIDEO KITS. These convert composite video into 
separate H sync, V sync and video. 12v DC. £8.00 ref 8P39R. 
SINCLAIR C5 MOTORS 12v 29A (full load) 3300 mpm 6"x4" 1/4" 
O/P shaft. New. £20.00 ref 20P22R. 
As above but with fitted 4 to 1 inline reduction box (800mm) and 
toothed nylon belt drive cog £40.00 ref 40P8R. 
ELECTRONIC SPEED CONTROL KITtor c5 motor. PCB and all 
components to build a speed controller (0-95% of speed). Uses 
pulse width modulation. £17.00 ref 17P3R. 
SOLAR POWERED NICAD CHARGER.Charges 4 
AA nicads in 8 hours. Brand new and cased £6.00 ref ' 
6P3R. 
ACORN DATA RECORDER ALF503 Made for BBC computer 
but suitable for others. Includes mains adapter, leads and book. 
£15.00 ref 15P43R 
VIDEO TAPES. Three hour superior quality tapes made under 
licence from the famous JVC company. Pack of 5 tapes New low 
price £8.00 ref 8P 161 
PHILIPS LASER. 2MW HELIUM NEON LASER TUBE. 


BRAND NEW FULL SPEC £40.00 REF 40P10R. MAINS 
POWER SUPPLY KIT £20.00 REF 20P33R READY BUILT 


AND TESTED LASER IN ONE CASE £75.00 REF 75P4R. 
12 TO 220V INVERTER KITAs supplied it will handle up to about 
15 wat 220v but with a larger transformer it will handle 80 watts. Basic 
kit £12.00 ref 12P17R. Larger transformer £12.00 ref 12P41R. 
VERO EAS! WIRE PROTOTYPING SYSTEMideal for design- 
ing projects on etc. Complete with tools, wire and reusable board. 
New low bargain price only £2.00 ref B2P1 

HIGH RESOLUTION 12" AMBER MONITOR?! ov 1.5A Hercu- 
les compatible (TTL input) new and cased £22.00 ref 22P2R 
VGA PAPER WHITE MONO monitors new and cased 240v 
AC. £59.00 ref 59P4R 

25 WATT STEREO AMPLIFIERc. STK043. With the addition of 
a handful of components you can build a 25 watt amplifier. £4.00 ref 
4P69R (Circuit dia included). 


BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10 | 


£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R 





FRESNEL MAGNIFYING LENS 83 x 52mm £1.00 ref BD827R. 
12V 19A TRANSFORMER. Ex equipment but otherwise ok. Our 
price £20.00 

ULTRASONIC ALARM SYSTEM. Once again in stock these 
units consist of a detector that plugs into a 13A socket in the area to 
protect. The receiver plugs into a 13A socket anywhere else on the 
same supply. Ideal for protecting garages, sheds etc. Complete 
system £25.00 ref B25P1 additional detectors £11.00 ref B11P1 
IBM AT KEYBOARDSBrand new 86 key keyboards £15.00 ref 
15P612 


AMSTRAD MP3 
UHF/VHF TV RECEIVER/CONVERTER 
CONVERTS COLOUR MONITOR INTO A TV! 
£9.00 


286 MOTHER BOARDS. Brand new and tested complete with 
technical manual. £49.00 ref A49P 1 

UNIVERSAL BATTERY CHARGER. Takes AA's, C's, D's and 
PP3 nicads. Holds up to 5 batteries at once. New and cased, mains 
operated. £6.00 ref 6P36R. 

IN CAR POWER SUPPLY. Plugs into cigar socket and gives 
3,4,5,6,7.5,9, and 12v outputs at 80OmA. Complete with universal 
spider plug. £5.00 ref 5P167R. 

RESISTOR PACK.10 x 50 values (500 resistors) all 1/4 watt 2% 
metal film. £5.00 ref SP170R. 

CAPACITOR PACK 1.100 assorted non electrolytic capacitors 
£2.00 ref 2P286R. 

CAPACITOR PACK 2. 40 assorted electrolytic capacitors £2.00 
ref 2P287R. 

QUICK CUPPA? 12vimmersion heater with lead and cigar lighter 
plug £3.00 ref 3P92R. 


LED PACK .50 red leds, 50 green leds and 50 yellow leds all Smm 


£8.00 ref 8P52R 


AMSTRAD 1640DD BASE UNITS 
BRAND NEW AND CASED 
TWO BUILT IN 5 1/4" DRIVES 
MOTHER BOARD WITH 640K MEMORY 
KEYBOARD AND MOUSE 
MANUAL 
OUR PRICE JUST 


.(D25 to centronics plug) 2 metre parallel. 
£5.00 ref 5P186R. 

COPPER CLAD STRIP BOARD 17" x 4" of .1" pitch "vero" board. 
£4.00 a sheet ref 4P62R or 2 sheets for £7.00 ref 7P22R. 

STRIP BOARD CUTTING TOOL.£2.00 ref 2P352R. 

50 METRES OF MAINS CABLE £3.00 2 core black precut in 
convenient 2 m lengths. Ideal for repairs and projects. ref 3P91R 
4 CORE SCREENED AUDIO CABLE 24 METRES £2.00 
Precut into convenient 1.2 m lengths. Ref 2P365R 

6 1/2" 20 WATT SPEAKER Built in tweeter 4 ohm £5.00 ref 
5P205R 

WINDUP SOLAR POWERED RADIO! FM/AM radio takes re- 
chargeable batteries complete with hand charger and solar panel 
14P200R , ; 


PC STYLE POWER SUPPLY Made ct AZTEC 110v or 240v 
input. +5 @ 15A,4+12 @ 5A,-12 @ .5A,-5 @ .3A. Fully cased with fan, 
on/off switch, IEC inlet and standard PC flyleads. £15.00 ref F15P4 
ALARM PIR SENSORS Standard 12v alarm type sensor will 
interface to most alarm panels. £16.00 ref 16P200 

MODEMS FOR THREE POUNDS!! 

Fully cased UK modems designed for dialup system (PSTN) no data 
or info but only £3 00 ref 3P145R 

TELEPHONE HANDSETS 

Bargain pack of 10 brand new handsets with mic and speaker only 
£3.00 ref 3P146R 

DATA RECORDERS 

Customer returned mains battery units builtin mic ideal for Computer 
or general purpose audio use. Price is £4.00 ref 4P100R 
SPECTRUM JOYSTICK INTERFACE 

Plugs into 48K Spectrum to provide a standard Atari type joystick 
port. Our price £4.00 ref 4P101R 

ATARI JOYSTICKS 

Ok for use with the above interface, our price £4.00 ref 4P102R 
BENCH POWER SUPPLIES 

Superbly made fully cased (metal) giving 12v at 2A plus a 6V supply. 
Fused and short circuit protected. For sale at less than the cost of the 
case! Our price is £4.00 ref 4P103R 








SPEAKER WIRE 

Brown twin core insulated cable 100 feet for £2.00 REF 2P79R 
DISC DRIVES 

Customer returned units mixed capacities (up to 1.44M) We have not 
sorted these so you just get the next one on the shelf. Price is only 
£7.00 ref 7P1R (worth it even as a stripper) 

MICROSCOPE 1200X MAGNIFICATION 

Brand new complete with shrimp hatchery, shrimps, prepared 
slides, light etc. £29.00 ref J29P4. 

LIGHT ALARM SYSTEM 

Small cased alarms that monitor a narrow beam area for sudden 
changes in light level. Complete wth siren that sounds for a preset 
time when unit is triggered. £7.00 ref J7P1 

JOYBALLS 

Back in stock popular Commodore/Atari equiv (replace standard 
joystick) £5.00 ref JSP8 

720K 3 1/2" DISC DRIVE 

Brand new units made by JVC complete with tech info just £19.00!! 
ref Ji9P2 

CAR BATTERY CHARGER 

Brand new units complete with panel meter and leads. 6 or 12v 
output £7.00 ref J7P2. 

CUSTOMER RETURNED SPECTRUM +2 

Complete but sold as seen so may need attention £25.00 ref J25P1 
or 2 for £40.00 ref J40P4 

CUSTOMER RETURNED SPECTRUM +3 

Complete but sold as seen so may need attention £25.00 ref J25P2 
or 2 for £40.00 ref J40P5 

HEX KEYBOARDS 

Brand new units approx 5" x 3" only £1.00 each ref CD42R 
PROJECT BOX 

51/2" x 31/2" x 1" black ABS with screw on lid. £1.00 ref CD43R 
SCART TO SCART LEADS 

Bargain price leads at 2 for £3.00 ref 3P147R 

SCART TO D TYPE LEADS 

Standard Scart on one end, Hi density D type on the other. Pack of 
ten leads only £7.00 ref 7P2R 

OZONE FRIENDLY LATEX 

250ml bottle of liquid rubber sets in 2 hours. Ideal for mounting PCB's 
fixing wires etc. £2.00 each ref 2P379R 

QUICK SHOTS 

Standard Atari compatible hand controller (same as joysticks) our 
price is 2 for £2.00 ref 2P380R 

VIEWDATA SYSTEMS 

Brand new units made by TANDATA complete with 1200/75 built in 
modem infra red remote controlled qwerty keyboard BT appproved 
Prestel compatible, Centronics printer port RGB colour and compos- 
ite output (works with ordinary television) complete with power 
supply and fully cased. Our price is only £20.00 ref 20P1R 

AC STEPDOWN CONVERTOR 

Cased units that convert 240v to 110v 3" x 2" with mains input lead 
and 2 pin American output socket (suitable for resistive loads only) 
our price £2.00 ref 2P381R 

CURLY CABLE 

Extends from 8" to6 feet! D connector on one end, spade connectors 
on the other ideal for joysticks etc (6 core) £1.00 each ref CD44R 
COMPUTER JOYSTICK BARGAIN 

Pack of 2 joysticks only £2 00 ref 2P382R 

BUGGING TAPE RECORDER 

Small hand held cassette recorders that only operate when there is 
sound then turn off 6 seconds after so you could leave itin a room all 
day and just record any thing that was said. Pnceis £20.00 ref 20P3R 
NEW SOLAR ENERGY KIT 

Contains 8 solar cells, motor, tools, fan etc plus educational booklet. 
Ideal for the budding enthusiast! Price is £12.00 ref 12P2R 


286 MOTHER BOARD WITH 640K RAM FULL SIZE METAL 
CASE, TECHNICAL MANUAL, KEYBOARD AND POWER SUP- 


PLY £139 REF 139P1 (no i/o cards or drives included) Some 
metal work req'd phone for details. 





35MM CAMERAS Customer returned units with built in flash and 
28mm lens 2 for £8.00 ref 8P200 
STEAM ENGINE Standard Mamod 1332 
engine complete with boiler piston etc £30 
ref 30P200 

TALKING CLOCK 

LCD display, alarm, battery operated. 
Clock will announce the time at the 
push of a button and when the 
alarm is due. The alarm is switchable. “= 
from voice to a cock crowing!£14 00 ref 14P200.F R- 

HANDHELD TONE DIALLERS 

Small units that are designed to hold over the mouth piece of a 
telephone to send MF dialling tones. Ideal for the remote control of 
answer machines. £5.00 ref SP209R 

AMAZING TALKING COINBOX! 

Fully programmable talking, lockable coinbox BT approved, retail 
price is £79 ours is just £29! ref J29P2. 

ANSWER PHONES £15 

Customer returned units with 2 faults one we tell you how to fix the 
other you do your self! £18 ref J18P2 or 4 for £60 ref J60P3 BT 
approved (retail pnce £79.95!! each) 

COMMODORE 64 MICRODRIVE SYSTEM 

Complete cased brand new drives with cartridge and software 10 
times faster than tape machines works with any Commodore 64 
setup. The orginal price for these was £49 00 but we can offer them 
to you at only £25.00! Ref 25P1R 

90 WATT MAINS MOTORS Ex equipment but ok Good general 
pupose unit £9.00 ref F9P1 

Hi Fl SPEAKER BARGAIN Originally made for TV sets they 
consist of a 4" 10 watt4R speaker and a 2" 140R tweeter If you want 
two of each plus 2 of our crossovers you can have the lot for £5.00 
ref FSP2. 

VIDEO TAPES E180 FIFTY TAPES FOR £70.00 REF F70P1 
360K 5 1/4"'Brand new drives white front. £20.00 Ref F20P1 
EMERGENCY LIGHTING SYSTEM 

Fully cased complete with 2 adjustable flood lights. All you needis a 
standard 6v lead acid battery. Our price is just £10 ref J10P29 
AMSTRAD 464 COMPUTERS 

Customer returned units complete with a monitor for just £35! These 
units are sold as faulty and are not returnable. 








IN SUSSEX? CALL IN AND SEE US! 


SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK 
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COMMENT...POPULAR FEATURES... FOfEC. 
UNIVERSAL INFRA-RED REMOTE CONTROL 774 
by Chris Walker From one button to 96 combinations this basically 
simple design has a diverse range of applications 
MIDI LEAD TESTER by Robert Penfold 792 
Makes checking MIDI leads simple, quick and error free 
MINI LAB by Alan Winstanley and Keith Dye : 810 
We add a L.E.D. Voltmeter to our prototyping board. (Teach-In ‘93) 
COMBINATION SWITCH by Max Horsey 814 
Can be used for an alarm or lock, has programmable user password 
CHRISTMAS LIGHTS COLOUR SPECTRUM 822 
by Mark Daniels Use up to 30 |.e.d.s, which continuously change colour 
AUTO SWITCH ADD-ON by Ken Taylor 838 


A battery saver that automatically turns off equipment after a pre-set time 


SIMS 


ALTERNATIVE ENERGY -4 byT. R. de Vaux Balbirnie 786 


Some further Alternative Energy sources 


TECHNIQUES-ACTUALLY DOING IT by Robert Penfold 798 


Working with metal and plastic cases for project construction 


TEACH-IN ‘93-1 by Alan Winstanley and Keith Dye | 800 
Our series for everyone learning about electronics and particularly GCSE 
and ‘A’ level students 


INTERFACE by Robert Penfold 820 
Our page for computer enthusiasts 

CIRCUIT SURGERY by Mike Tooley §28 
Clinic for constructors — your problems solved 

AMATEUR RADIO by Tony Smith G4FAI 842 


New Morse Test; Buy But Don’t Use; New Book; No Amateur! 


Features 








EDITORIAL 773 
INNOVATIONS - EVERYDAY NEWS 782 
News and new products from the world of electronics 
TECHNOLOGY by lan Poole 784 
Technological developments that could produce products of the future 
READOUT A selection of readers letters 795 
HOME BASE by Terry Pinnell : | 796 
Jottings of an electronics hobbyist 
SHOPTALK with David Barrington | 797 
Component buying for EPE projects 
FOX REPORT by Barry Fox 812 
On The Cards; Folklore; Smartcards; Charge It 
ELECTRONICS VIDEOS 830 
Our range of educational videos 
DIRECT BOOK SERVICE 831 
Selected technical books by post 
PRINTED CIRCUIT BOARD SERVICE 835 
PCBs for EPE projects 
© Wimborne Publishing Ltd 1992. Copyright in INDEX FOR VOLUME 21 843 
all drawings, photographs and articles published FREE WITH THIS ISSUE - BULL ELECTRICAL 
fe eckevicd Gad 64-PAGE CATALOGUE Between pages 804 and 805 
whole or in part are expressly forbidden. ADVERTISER’S INDEX 848 
Our January '93 Issue will be published on Readers Services e Editorial and Advertisement Departments 773 


Friday, 4 December 1992. See page 771 for details. 
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SURVEILLANCE 


PROFESSIONAL QUALITY KITs 


No. 1 for Kits 


Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 years 
and you can be sure that all of our kits are very well tried, tested and proven and come complete with full instructions, circuit 
diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all transmitters 































are tuneable and can be received on an ordinary VHF FM radio. 


UTX Ultra-miniature Room Transmitter 


Smallest room transmitter kit in the word! Incredible 10mm x 20mm including mic. 


S1ZV ODSLANON  SIGIN TENDS sisi sccistisiatnessvtvcvmscisaticivwrastesraanrcitslamaesiiebeetesseen £16.45 


MTX Micro-miniature Room Transmitter 
Best-selling micro-miniature Room Transmitter 
Just 17mm x 17mm including mic. 3-12V operation. 1000m range..................... £13.45 


STX High-performance Room Transmitter 
Hi performance transmitter with a buffered output stage for greater stability and range. 


Measures 22mm x 22mm including mic. 6-12V operation, 1500m range............. £15.45 
VT500 High-power Room Transmitter 

Powerful 250mW output providing excellent range and performance. Size 20mm x 
40mm. 9-12V operation. 3000M range.............cceeceteetesesseeseeeeeteecseseeeeneeteeeeeees £16.45 
VXT Voice Activated Transmitter 


Triggers only when sounds are detected. Very low standby. current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range...£19.45 


HVX400 Mains Powered Room Transmitter 
Connects directly to 240V AC supply for long-term monitoring. Size 30mm x 35mm. 
SENT TING sits sosasrancscctveccdesesieurerSicacestehhcxteciwenmtes ee et ten ne NE £19.45 


SCRX Subcarrier Scrambled Room Transmitter 
Scrambled output from this transmitter cannot be monitored without the SCDM decoder 


connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range............. £22.95 
SCLX Subcarrier Telephone Transmitter 

Connects to telephone line anywhere, requires no batteries. Output scrambled so 
requires-SCDM connected to receiver. Size 32mm x 37mm. 1000m range........... £23.95 


SCDM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio output to 
headphones. Size 32mm x 70MM. 9-12V Operation 0... ceeeseeeeeeteeeteeeees £22.95 


ATR2 Micro Size Telephone Recording Interface 

Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
POW TINT TORT ogc icc esac saendisonscccantesudiieasetavandensestatiadiasiaiiesishiniatenddmaniesiaaets £13.45 











Dept. EE 


SUMA 
Dy RY [CT RS 


UTLX Ultra-miniature Telephone Transmitter 

Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 

All conversation transmitted. Powered from line. 500m rangeé...............ceee £15.95 


TLX700 Micro-miniature Telephone Transmitter 

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble than 
UTLX. Connects to line (anywhere) and switches on and off with phone use. All 
conversations transmitted. Powered from line. 1000m range .................:cceeee £13.45 
STLX High-performance Telephone Transmitter 

High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone use. 
All conversations transmitted. Powered from line. Size 22mm x 22mm. 

TN TES eaaarcincuetct chase vers exten ncenedersacentsesienansostigciese a uiags deetaineiehatneoed aie) £16.45 
TKX900 Signalling/Tracking Transmitter 

Transmits a continous stream of audio pulses with variable tone and rate. Ideal for 
signalling or tracking purposes. High power output giving range up to 3000m. Size 
ZSSMM X CSMM. GY ODOTAU ON sai ccs ccscicsascsssniacsisisossiaciansantssaalorsaderasadesdssrvesociooiorases £22.95 
CD400 Pocket Bug Detector/Locator 

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tome increase as you 
approach signal. Gain control allows pinpointing of source. Size 45mm x 54mm. 9V 
EN oscshascses se eccyanescecuateda coisansunnsdede ocaeesctot rete sntctocia tatatehinentenee tonnes: £30.95 
CDG600 Professional Bug Detector/Locator 

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation ......... eens £50.95 
QTX180 Crystal Controlled Room Transmitter 

Narrow band FM transmitter for the ultimate in privacy. Operates on 180 MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catlogue). Size 20mm x 
67mm. OV operation. 1000M range... ccecseseeeceseeteceeesteeeetecseseeteeseseeeees £40.95 
QLX180 Crystal Cointrolied Telephone Transmitter 

As per QTX180 but connects to telephone line to monitor both sides of conversations. 
20mm x 67mm. OV operation. 1000M range... esesesteeseeseeteeeeteteeeeeees £40.95 
QSX180 Line Powered Crystal Controlled Phone Transmitter 

As per QLX180 but draws power requirements from line. No batteries required. Size 
SEMIN H S7 INI RANOD QUIN ascetics ccsncsmearianddh ecg atinricintate neem £35.95 
QRX180 Crystal Controlled FM Receiver 

For monitoring any of the ‘Q’ range transmitters. High sensitivity unit. All RF section 
Supplied as a pre-built and aligned module ready to connect on board so no difficulty 
setting up. Outpt to headphones. 60mm x 75mm. 9V operation ........ eee £60.95 


A build-up service is available on all our kits if required. 


UK customers please send cheques, POs or registered cash. Please add 
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque 
clearance. Overseas customers send sterling bank draft and add £5.00 per 
order for shipment. Credit card orders welcomed on 0827 714476. 


OUR LATEST CATALOGUE CONTAINING MANY MORE NEW 
SURVEILLANCE KITS NOW AVAILABLE. SEND TWO FIRST 
CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 


THE Wor«KsHops, 95 MAIN ROAD, 
BAXTERLEY. NEAR ATHERSTONE, 
WarwickKsHIRE CV9 2LE 


0827 714476 


VISITORS STRICTLY BY APPOINTMENT ONLY 
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THE ORIGINAL SURPLUS WONDERLAND! 






- 20 Mhz DX processor . 


2 megs RAM. Exp 10 meg - Enhanced 


- 40 meg hard drive . 
- 1.2 meg 5-1/4" floppy : 
- 32K cache exp. 64K . 












Massive purchases of standard 514" and 312" drives enables us 
to present prime product at industry beating low prices! All units 
(unless stated) are removed from often brand new equipment 
and are fully tested, aligned and 7 to you with a 90 day 
guarantee and operate from standard voltages and are of stand- 
ard size. All are IBM-PC compatible (if 31/2" supported). 


3.5" Panasonic JU364 720K* £21.95(B 


) 
3.5" Mitsubishi MF353C-L. 1.4 Meg. Laptops only* £29.95(B) 
) 
) 


3.5" Mitsubishi MF353C-D. 1.4 Meg. Non laptop* £29.95(B 

5.25" Teac FD-55(36). 360K half height. £22.95(B 

5.25" Teac FD-55(72). 720K half height. £24.95(B) 
* Data cable included in price. 

Shugart 800/801 SS refurbished & tested £175.00(E) 

Shugart 851 double sided refurbished & tested £275.00(E) 
Mitsubishi M2894-63 double sided switchable 

hard or soft sectors- BRAND NEW £250.00(E) 


Dual 8" drives with 2 mbyte capacity housed in a smart case 

with built in power supply! Ideal as exterior drives! £499.00(F) 
End of line purchase scoop! Brand new NEC D2246 8" 85 
megabyte of hard disk storage! Full CPU control and industry 
standard SMD interface. Ultra hi speed transfer and access time 
leaves the good old ST506 interface standing. In mint condition 
and comes complete with manual. Onlly..................004 £299(E) 


THE AMAZING TELEBOX! 


Converts your colour monitor into a 
eee, QUALITY COLOUR TV!! 










TV SOUND 
& VIDEO 





TUNER! 


The TELEBOX consists of an attractive fully cased mains 
powered unit, containing all electronics ready to plug into a host 
of video monitors made by manufacturers such as MICROVI- 
TEC, ATARI, SANYO, SONY, COMMODORE, PHILIPS, TA- 
TUNG, AMSTRAD and many more. The composite video output 
will also plug directly into most video recorders, allowing recep- 
tion of TV channels not normally receivable on most television 
receivers (TELEBOX MB). Push button controls on the front 
panel allow reception of 8 fully tuneable ‘off air’ UHF colour 
television or video channels. TELEBOX MB covers virtually all 
television frequencies VHF and UHF including the HYPER- 
BAND as used by most cable TV operators. Composite and RGB 
video outputs are located on the rear panel for direct connection 
to most makes of monitor. For complete compatibility - even for 
monitors without sound - an integral 4 watt audio amplifier and 
low level Hi Fi audio output are provided as standard. 


Telebox ST for composite video input monitors £32.95 
Telebox STL as ST but with integral speaker £36.50 
Telebox MB as ST with Multiband tuner VHF-UHF-Cable. 


& hyperband For overseas PAL versions state 
5.5 or 6mhz sound specification. £69.95 
Telebox RGB for analogue RGB monitors (15khz) £69.95 
Shipping code on all Teleboxes is (B) 
RGB Telebox also suitable for IBM multisync monitors with RGB 
analog and composite sync. Overseas versions VHF & UHF call. 
SECAM / NTSC not available. 


No Break Uninterruptable PSU's sJazys] @Olalial(ciage) o)(-10) (= eto OM 
Brand new and boxed 230 voits uninterruptable power supplies 
from Densei. Model MUK 0565-AUAF is 0.5 kva and MUD 
1085-AHBH is 1 kva. Both have sealed lead acid batteries. MUK 
are internal, MUD has them in a matching case. Times from 


interrupt are 5 and 15 minutes respectively. Complete with full 
operation manuals............ MUK......£249 (F) MUD......£525 (G) 


COMPUTER SCOOPS 


PC-AT 386 20-DX FULLY LOADED 


installed VGA card 


Complete with MS-DOS 4.01 
2 serial 1 parallel ports 


8 free slots- 6 off 16 bit! 


The MP386 quality made by Mitsubishi to iast a lifetime! Brand new with 
all manuals and software plus Super PC-Quick Disk Accelerator 
Only......... 


7A COMPLETE 
SYSTEM FOR 


Just plug in and go - fully expandable - the Display PC-99! System supplied 
complete with 12" mono monitor, 84 key keyboard, 360k 5-1/4" floppy disk drive, 
128K RAM, 2 serial and 1 parallel port plus DOS with manual. Many other features 
include 7 slot backplane, all metal case, 150 watt PSU and US made mother- 
- board. In very good used condition with 90 day guarantee. At the unique price of: 


Optional FITTED extras: 256K RAM £15; 640K RAM £39. 
12" CGAcolour monitor with card £89. 2nd 5-1/4" 720K floppy 





es (or 360K if preferred) £29.95. 20 mbyte hard drive £99. 


FLOPPY DISK DRIVES 


514" from £22.95 - 31" from £21.95! Power One SPL200-5200P 200 watt (250 w peak).Semi open 











FOR £4494! 


102 key k/board 


al £499 (F) = 
IBM PC COMPA 


ONLY £99!! 










£99 .. 





frame giving +5v 35a, -5v 1.5a, +12v 4a (8a peak), -12v 1.5a, 
+24v 4a (6a peak). All outputs fully regulated with over voltage 
protection on the +5v output. AC input selectable for 110/240 
vac. Dims13" x 5" x 2.5". Fully guaranteed RFE. £85.00 (B) 


Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v 
(2A). 5v @ 20A.+ 12v @ 1.5A. Switch mode. New. £59.95(B) 
Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @ 
2a. -12v @ 0.1a. 6-1/4" x 4" x 1-3/4".New £22.95(B) 
Greendale 19ABOE 60 watts switch mode.+5v @ 6a,+12v @ 
1a,+15v @ 1a. RFE and fully tested.11 x 20 x5.5cms. £24.95(C) 
Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v 
@ 15a,-5v @ 1a,+12v @ 6a.27 x 12.5x 6.5cms.New. £49.95(C) 
Boshert 13090.Switch mode.Ideal for drives & system. +5v@ 6a, 
+12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.95(B) 
Farnell G6/40A. Switch mode. 5v @ 40a.Encased £95.00(C) 
Farnell G24/5S. As above but 24v @ 5a. £65.00(C) 
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£100 CASH FOR THE 
WIN £100 MOST NOVEL 
CASH! DEMONSTRATABLE 
APPLICATION! 





BBC Model B type computer on a board. A major purchase 
allows us to offer you the PROFESSIONAL version of the BBC 
computer at a parts only price. Used as a front end graphics 
system on large networked systems the architecture of the BBC 
board has so many similarities to the regular BBC model B that 
we are sure that with a bit of experimentation and ingenuity many 
useful applications will be found for this board!! It is supplied 
complete with a connector panel which brings all the 1/O to ’D’ 
and BNC type connectors - all you have to do is provide +5 and 
+12v DC. The APM consists of a single PCB with most major 
ic’s socketed. The ic’s are too numerous to list but include a 
6502, RAM and an SAAS5050 teletext chip. Three 27128 
EPROMS contain the custom operating system on which we 
have no data, On application of DC power the system boots and 
provides diagnostic information on the video output. On board 
DIP switches and jumpers select the ECONET address and 
enable the four extra EPROM sockets for user software. Appx. 
dims: main board 13" x 10". I/O board 14" x 3". Supplied tested 
with circuit diagram, data and competition entry form. 


Only £29.95 or 2 for £53 6 


SPECIAL INTEREST 


Trio 0-18 vdc bench PSU. 30 amps. New 

Fujitsu M3041 600 LPM band printer 

DEC LS/02 CPU board 

Rhode & Schwarz SBUF TV test transmitter 
25-1000mhz. Complete with SBTF2 Modulator 

Calcomp 1036 ay drum 3 pen plotter 

Thuriby LA 160B logic analyser 

1.5kw 115v 60hz power source 

Anton Pillar 400 

Newton Derby 400 Hz 70 Kw converter 

ADDS 2020 VDU terminals - brand new 

Sekonic SD 150H 18 channel Hybrid recorder 

HP 7580A A1 8 pen high speed drum plotter 






Kenwood DA-3501 CD tester, laser pickup simulator £ 350 4inch 
BRAND NEW PRINTERS 


Microline 183. NLQ 17x17 dot matrix. Full width. 


Hyundai HDP-920. NLQ 24x18 dot matrix full width. £149 (D) 80 mm 
Qume LetterPro 20 daisy. Qume QS-3 interface. £39.95 (D) 92mm 


Centronics 152-2 9 x 7 dot matrix. Full width. 


z 3 phase frequency converter 75Kw POA 















HP Double Beam 100mhz Scopes 
A Major purchase from a liquidated 2 
company enables us to offer you this 
superb Hewlett Packard quality 
HP1740A oscilloscope in HARDLY % 

USED CONDITION at a fantastic 
price! Although exceptionally simple 
to use the full spec. of this scope ; 
would take up the whole page, | ; 
briefly here are a few of its features: ===" ae 
* 5 mVidiv to 20v/div in 12 ranges 
Large 8 x 10cm CRT with scale illuminated 
50ns/div to 2s/div 24 ranges (timebase) 
Third channel trigger _ — Only 
ual input impedance meg 
TV ane ioger £435 00 
Full delayed time base facilities " (F) 
Light weight fully portable, dual voltage 
Fully guaranteed with full user manual. 
COLOUR MONITORS 
SAVE £59 - ONLY £100 WHEN 
BOUGHT WITH THE 386 ABOVE! 
14" Philips Model CM8873 VGA multi- 
sync all the way up to 34Khz with 640 x 
480 resolution. This one has everything! 
Two switches enable you to select CGA, 
EGA or VGA and digital/analog. Sound is also provided, with a 
volume control. There is also a special "Text" switch for word 
processing, spreadsheets and the like. Compatible with virtually 
all computers including IBM PC’s, Amiga, Atari, BBC, 
Archimedes etc. Good used condition (possible minor screen 
burns) 90 day guarantee. 15" x 14" x 12”. Onlly.............. £159(E) 
KME 12" high definition colour monitors.0.28" 
dot pitch for superb clarity and modern two 
tone plastic styling. Operates from any 15.625 
khz.sync RGB video source, with RGB analog 
and composite sync such as Atari, Commo- 
dore Amiga, Acorn Archimedes & BBC. 
Measures only 13.5" x 12” x 11". Also works 
as quality TV with our RGB Telebox. Excellent used condition 
with 90 day guarantee. Beige and brown case. Only..... £149 (E) 
Brand new Centronic 14" monitor for IBM PC and compatibles 
at a lower than ever price! Completely CGA equivalent. Hi-res 
Mitsubishi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz 
bandwidth. A super monitor in attractive style moulded case.Full 
90 day guarantee. Only ............. £129 (E) 
NEC CGA 12" IBM-PC compatible. High #: , 
quality ex-equipment fully tested with a 90 os 
day guarantee. In an attractive two tone 
ribbed grey plastic case measuring 15"L x 
13"W x 12"H. The front cosmetic 


20", 22" and 26" AV SPECIALS 
Superbly made UK manufacture. PIL all solid state colour moni- 
tors, complete with eal sg video & sound inputs. Attractive 
teak style case. Perfect for Schools,Shops, Disco, Clubs. 


In EXCELLENT little used condition with full 90 day guarantee. 


20"....£135 22"....£155 26"....£185 (F) 
CALL FOR PRICING ON NTSC VERSIONS! 


Superb Quality 6 foot 40u 
19" Rack Cabinets 





Massive Reductions 
Virtually New, Ultra Smart! 


Less Than Half Price! 


Top quality 19" rack cabinets made in UK 
by Optima Enclosures Ltd. Units feature 
designer, smoked acrylic lockable front 
door, full height lockable half louvered back 
door and removable side panels. Fully ad- 
justable internal fixing struts, ready pun- 


Me LLLKLLL LALA ALLA ALA 
CLLLLLLLEL LLL ELL LLL 
CCCTITEETECTETECETE, 





ched for any configuration of equipment mounting plus ready 
¢ 479 Mounted integral 12 way 13 amp socket switched mains distribu- 
£2950 tion strip make these racks some of the most versatile we have 
€¢ 150 ever sold. Racks may be stacked side by side and therefore 
require only two side panels or stand singly. Overall dimensions 
£6500 are 77-1/2"H x 32-1/2"D x 22"W. Order as: 
£ 650 Rack 1 Complete with removable side panels.......£275.00 (G) 
: aan Rack2 Less side panels 


COOLING FANS 


POA 3 inch AC. 11%" thick 






PEE RE ae £145.00 (G) 





£ 225 £ 8.50(B 
£2000 92mm _ AC 230 v. 18mm thick £12.95(B 
£1850 312 inch AC ETRI pip 1" thick. £ 9.95(B 
312 inch AC 230 v 8 watts. Only 3/4" thick £12.95(A 

AC 110/240v 12" thick. F108 

10 inch AC round. 312 thick. Rotron 110v £10.95(B 

10 inch As above but 230 volts £24.95(B 

£139 (D) 69 mm_—s—ODC. 1" thick.No.812 for 6/12v.814 24v. £15.95(A 
DC 5 v. Papst 8105G 4w. 38mm. RFE. £19.95(A 

DC 12y. 18 mm thick. £14.95(A 

£149 (D) 4inch DC 12v. 12w 112" thick £12.50(B 
DC 24v 8w. 1" thick. £14.50(B) 


Centronics 159-4 9 x 7 dot matrix.Serial. 9-1/2" width£ 99 (D) 4 inch 


1992 Summer Issue of Display News now available - send large S@E - PACKED with bargains! 


MAIL ORDER & OFFICES 
Open Mon-Fri 9.00-5.30 


Dept EE, 32 


Upper Norwood, 
London SE19 3XF. 


MO) 1 B10) \ Be) 5 (@) 2 
Open Mon-Sat 9-5.30 
215 Whitehorse Lane, 

Tolepiam (ela ielelen 

London, SE25. 


sileleliam lech a 


DISTEL © The Original 

Free dial-up database! 

1000's of items On Line 
V21, V22 & V22 bis 


081-679-1888 


ALL ENQUIRIES 


081-679-4414 


Fax- 081-679-1927 


All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. PO orders from Government,Universities, Schools & Local Authorities 
welcome-minimum account order £30. Carriage charges (A)=£2.00. (A1)=£3.75. (B)=£5.50. (C)=£8.50. (D)=£11.50. (E)=£14.00 (F)=£18.00 (G)=Call . Scotland surcharge: call. 
All goods supplied subject to our standard Conditions of Sale and unless otherwise stated guaranteed for 90 days. All guarantees on a return to base basis.Rights reserved to 





change prices & specifications without prior notice. Orders subject to stock. Quotations willingly given for higher quantities than those stated. Bulk surplus always wanted for cash. 
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SPARKOMATIC 4 x 150 watt 
CAR AMPLIFIER 


*MO21 
MO22 


M023 
The SA3200 is our top of the line 4 Channel Amplifier 


versatile and features separate bass and treble controls 
which gives the user the possibility of reducing bass 
response to the front speakers and adding treble for 
better stereo imaging. The bass response can then 
be increased to the rear speakers which are usually 
larger and capable of offering better reproduction. The 
SA3200 features a bridge operation switch which offers 
the possiblity of using the amplifier in 4, 3 or 2 channel 
mode. The 3 channel mode is ideal for installations 
where rear deck speakers are used in combination with a 
separate subwoofer. 

@ 4x 150 Watts max @ 4 x 80 Watts into 4 Ohms at 
less than 0.5% THD @ 2 x 80 Watts plus 1 x 160 Watts at 
less than 0.5% THD @ 2 x 160 Watts into 4 Ohms at less | MO25 2 
than 0.5% THD @ Separate bass and treble controls for 
front and rear channels @ Separate sensitivity controls | MO25A 1 
for front and rear channels @ 2, 3 or 4 channel operation 
@ Heavy duty power wires @ Glass blasted aluminium | M026 
heatsink @ High current capacility MO27 


£251.65 plus £7 p&p 


SPARKOMATIC 2 x 150 watt. 


CAR AMPLIFIER 
The SA1500 is a very highly specified 2 Channel 
Amplifier with built-in sub bass crossover. The SA 1500, 
which is ideal for powering medium sized subwoofers, 
will also operate in bridge mode as a 150 Watt mono 
amplifier. 

@ 2 x 150 Watts max. into 4 Ohms @ 2 x 70 Watts per 





which is extremely well specified. It is very powerful and | MO23A 1pr 


Do INe Be EL eae en 


No. oe per pack 
M020 


30W dome tweeter by Eag/e//apan Made 
size 930mm x 66mm £1 
60W Hifi tweeter made for Jamo UK size 
90mm sq. 
30 watt 8 ohm Hifi chassis speakers. 
Made for Hitachi UK midi systems, size 
125mm sq. with large 70mm magnet 
£9.00 + £2.00 p&p 

Pod Car Speakers. Moulded in black 
plastic with 15 watt 10cm Goodmans unit 
fitted £4.95 +£2.50 p&p 
40 watt Car Speakers made for 
Roadstar of Switzerland. Fitted with dual 
polypropylene cone and foam _ rubber 
surround. Big 70mm magent for good 
base response. Supplied with grills fixing 
screws and cable. Size 13cm, weight 
1.5Kg £11.70 pair + £3.65 p&p or 

TWO pairs for £25.00 UK post paid 
Audax JBL 40-100watt dome tweeters. 
High performance 10mm_ Ferrofluid 
cooled horn loaded unit for load distortion 
and high output. Supplied with 1st order 
crossover, spec. 40 watts at 3kHz, 100 
watt at 8kHz; size 51mm x 51mm x 
16.5mm. Ideal for car use £7.50 + £1 p&p 
33000nF 10V d.c. can type computer 
grade.quality electrolytic UK made 
47uF 385V d.c. can type electrolytic. Size 
350mm x 250mm. UK made by Phillips £1.75 
680puF 100V d.c. can type electrolytic size 
45mm x 25mm £1 
2200pF 25V d.c. can type electrolytic size 
45mm x 25mm 
15000uF 40V dc. can type 23A 
electrolytic size 113mm x 50mm 
33000uF 16V 27A can type electrolytic 
size 113mm x 50mm 
Assorted Variable trimmers 
Tuning capacitors 2-gang dielectric type 
10k + 10k wirewound precision 
potentiometer 
Rotary potentiometers 
100k multiturn Varicap type tuning poten- 
tiometer with knob size 45mm x 5mm 


























channel at 0.5% THD @ Bridge mode operation @ Sen- 200 Carbon resistors 
2 


sitivity adjustment ranging from 100mV to 1V @ Heavy 
duty power wires @ Built-in sub bass crossover @ Glass 1 
blasted aluminium heatsink @ High current capacity 


£117.65 plus £6.50 p&p 


SPARKOMATIC 80 watt CAR 


POWER AMPLIFIER 
The AMP 7000 produces high power at low distortion. 
The amplifier accommodates low level, high level and 
high power radio speaker inputs. The response is linear 
and extends beyond the capability of all music sources. 
This compact unit mounts easily and its quick connect 
terminals accept RCA or straight wire input terminals. 
Power rating 2 x 40 watt per channel. MMP 2 x 20 
watt at 10%. THD response 20Hz-20kHz. Size 160mm x 
130mm x 45mm. 


£32.95 plus £3.50 p&p 


11 BAND COMPONENT GRAPHIC 
EQUALIZER FOR CARS 


—_ 
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This neat unit connects between the line output of your 
car stereo and your power amplifiers so that you are 
able to adjust the sound as in a studio compensating 
for soft furnishing and sound reflections from glass, 
also it has a sub-woofer output to drive a separate 
amplifier for that extra deep bass sound. FEATURES: 2 | MO55A 1 
channel inputs 4 channel outputs via phono sockets, 
CD input via 3.5mm jack 11 band graphic. SPEC- 
IFICATION RANGE 20Hz-60kHz THD 0.05%, S/N 
RATIO 85dB. EQ FREQUENCIES 60Hz, 120Hz, 250Hz, 
380Hz, 500Hz, 750Hz, 1kHz, 2kHz, 4kHz, 8kHz, 16kHz 
(boost cut of + 12dB) SIZE 178mm x 25mm x 140mm. 


£32.70 postage £1.80 MO56 2 


EMINENCE 42 PROFESSIONAL MO57 25 


USA MADE IN CAR CHASSIS eee 


SPEAKERS MO58 2 
All units are fitted with big magents ‘Nomex’ Voice MO59 

coils NOT ALUMINIUM, “Nomex” is very light and can 
stand extremely high temperatures, this mixture makes MO60 
for high efficiency and long ve quality of sound. MO61 
V6 6%" 200W Max Range 50Hz-3kHz £34.40 
V6 8” 300W Max Range 45Hz-3kHz £39.35 
V10 10° 400W Max Range 33Hz-4kHz £44.45 | 063 
V12 12” 400W Max Range 35Hz-3kHz £45.95 


BOSS 15” 800W Max Range 35Hz-4kHz £79.90 
KING 18” 1200W Max Range 20Hz-1kHz P.O.A. MO64 
Postage £3.85per speaker. OGe 


Build your own Bazooka sub woofer tube to suit MO67 
Eminence car speakers. 10mm thick fibre supplied with | ogg 
grille and clamp terminals finished in black vinyl. 


Eminence U10, Size 270mm x 700mm MO69 
£25.95 £3.50 p&p Mor 
Eminence U12 Size 320mm x 710mm 


£29.95 £3.50 p&p 
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Large VU meters. Japan Made 
Large Tuning meter 125yA-0-125p/A size 
55mm x 47mm £1.75 
Dual VU meter 280A f.s.d., size 80mm x 
42mm x 15mm £1.50 
Coaxial Aerial Plugs, all metal type 
Fuseholders, chassis mounting for 20mm 
size fuses 
Fuseholders, in-line type for 20mm size 
fuses 
5 Pin Din 180°chassis mount sockets 
Double phono sockets 
6.35mm (%'’) Stereo Jack sockets 
6.35 (%’’) Mono Jack Plugs 
Coax Sockets chassis mount 
Case handles plated U-shape, size 97mm 
x 50mm 
Mixed control knobs 
Cassette tape transport mechanism, belt- 
drive, top loading, six piano key operation 
with knobs, stereo record/replay erase 
heads, heavy fly-wheel £5.50 + £2.65 p&p 
Hifi stereo pre-amp. module. Input for CD 
Tuner record player with diagram. Made 
by Mullard £1 
AM/FM tuner head modules’. Made by 
Mullard £ 
AM I.F. modules’. Made by Mullard 
FM stereo decoder module with diagram. 
Made by Mullard 
UHF Varicap tuned tuner heads un- 
boxed, untested but complete. Made by 
Mullard £1 
25V d.c. 150mA Mains adaptor in neat 
plastic box, size 80mm x 55mmx47mm_— £1 
ETR/ Brand new 80mm Cooling Fan. 
Five bladed A.C. impedance corrected 
motor on a cast aluminium chassis. Size 
80mm x 40mm. Voltage 115V a.c. work- 
ing, 130mA. Japanese made. 
£5.95 + £1.40 p&p, 

TWO for £11.20 UK post paid 
6V-OV-6V 4VA p.c.b. mount mains trans- 
former 240V input, size 42mm x 33mm x 
35mm. UK Made £1 
4 Volt miniature wire-ended bulbs £1 
SRBP Copper Clad Printed Circuit Board. 
Size 410mm x 360mm x2mm £3.65 + 75 p&p 
Mono cassette tape heads. Japan 
Made £1 
Sonotone stereo cartridge with 78 and LP 
Styl. Japan Made £1 
Bridge rectifiers 1amp 24Volt £1 
OC44 transistors. Remove paint from 
top and it becomes a photo electric cell 
(ORP12) 
14 watt output transistors. Three com- 
plimentary pairs in TO66 case (replace- 
ment for AD161 +162) 
5 watt Audio i.c. No. TBA800 
Motor Speed Control i.c. 
Digital DVM Meter i.c. Made by Plessey, 
with diagram 
7-Segment 0.3in |.e.d. display (red) 
Tape Deck i.c., with record replay switch- 
ing. No. LM1818, with diagram 
Ferrite Rod. High grade with LW, SW & 
MW colls, size 140mm x 10mm 
Moving coil dynamic, handheld, ball 
microphone. Aoss Electronics customers 
returns (70 warrantee) 


MAIL ORDER 
BARGAIN PACKS 


No. Qty. per pack 
MO71A 1 Analogue Multimeter. Ross Electronics 
customers returns (70 warrantee) 
£3.90 + 90p p&p 
MO72 1 WW II EX WD headphone, A BIT OF 
NOSTALGIA, low impedance 
£3.50 + £1.20 p&p 
MO73 1 Koss Stereo Headphones on ear. 
Lightweight design, vari-fitting ear-cups 
with contour cushions, 36in. cord. 
3.5mm + 6.35mm Jack plug adaptor 
es £3.50 + £1 p&p 
MO74A 1 eo; Cee a Tone dialling key- 
: Ss pad, use serv- 
ices. that require 
DTMF tone sig- 
nals for a rotary 
dial pulse phone, 
size 90mm x 
55mm x 12mm 


Bere COP 
Packet tane Daenet 


£6.95 + 70p p&p 
100 yard roll of single screened quick 
splice cable, good quality &ritish 
Made £4.50 + £2 p&p 
100 yard 3-core 3 amp cable, coded 
brown, blue and green/yellow 

£4.20 + £2 p&p 

Solar Powered Wooden Kits. Easy 
to build aeroplane, with revolving 
propeller, and an old time gramophone 
with music chip. Supplied with glue, 
solar cells, electronics and pre-cut 
panels. 
One of each for £12.00 + £1.50 p&p 
Bump and Go Space Ship Kit with 
motor, wheels, p.c.b. wire and diagram. 
An ideal introduction for youngsters into 
the world of electronics and mechanics; 
goes all the way to the moon on two AA 
batteries £8.95 + £1 p&p 
Filofax fer- : 
sonal Organiser 
Radio/Calculator. 
This neat little 
unit simply fits 
inside your filofax 
so you can listen 
to AM Radio with 
earphone or use it 
as a solar 
powered 8-digit 
calculator. 
Punched with six 
holes to fit all 
personal 
organisers. UK 
Made under % 
price £8.95 + £1 p&p 
Multiband radio. Listen to air traffic con- 
trol, aircraft, radar, public utilities VHF 
54-176MHz + CB 1-80 with built in 
squelch control £17.95 +£2 p&p 
AM, FM. LW 
Ross Pushbutton 
Radio. With this 
neat unit you can 
easily tune in to 
five pre-set sta- 
tions of your 
choice without 
fiddling or fuss, 
runs off six C-cell 
batteries or 240V 
mains. Output 
400mW, volume 
and tone control. 
Size 230mm x 
150mm x 65mm 






















































£23.00 + £3.65 p&p 
(As above) £15.00 + £2.80 p&p 
Amplifier Kit 30 + 30 Watt. An easy to 
build amplifier with a good specifica- 
tion. All components mount on single 
p.c.b. punched and back-printed for 
ease, case ready drilled finished in black 
vynil with matching scale and knobs. 
Inputs for: CD/AUX tape 1; tape II; tuner 

and MC phono 

Controls: bass; treble; volume; balance; 
mode and power switch. Featured 
project in Everyday Electronics, April 
1989 issue; reprint with kit 

£40.00 + £3.65 p&p 


All items prefixed with MO number MAIL ORDER only or 
can only be collected by prior appointment from address 
below. Where p&p not stated please add £3.65 per order 
for postage and carton charge. 


Cyjes wai 


376 EDGWARE ROAD LONDON W21EB 


MAIL ORDER TERMS, POSTAL ORDERS and or CHEQUES 


with orders. Access & Visa accepted. 


Nett monthly accounts to Schools, Colleges and P.L.C. only. 


Overseas readers write for quote on delivery. 


Please cross all cheques and postal orders ‘Account Payee 


Only’ and make payable to RTVC Ltd. 


Phone 071 723 3462 Fax 071 723 3467 


Everyday with Practical Electronics, December 1992 

















£30 off Europe’s 
best selling oscilloscopes! 


> Excellent quality, built 
to last a life time 


> 2 year warranty 


» Each ’scope supplied 
with 2 sets x10 
P robes, manual and A Offer must end 31st Jan 9 
mains lead. (ez 
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PART NO. DESCRIPTION USUAL PRICE OFFER PRICE 
<scedemcsacispaseiiemusitammiaacesncncasnelcemscaaaeammeseosisasseaeemmmccasmeem csc ae eclectic ec ec e 
HM203-7 | 20MHz, dual channel £397.15 £367.00 The Br and New Cirkit 
HM205-3 20MHz, storage ’scope £716.75 £686.00 Electronic Constructors 
HM604 60MHz, dual channel £716.75 £686.00 
HM1005 100MHz, 3 channel £930.60 £899.00 Catalogue 
Cee en ccc ccc cc ee. ee Winter 92/93 

192 pages 


£££’s worth discount vouchers 
100s new products....... 
Books - the latest titles. 


Capacitors - new range ceramic discs, 


The D-MM good value meters are extended ranges electrolytic and polyester 


vYVY 





types. 
now even D-M Mer good valuel! Computers - new CAD PCB layout software. 
Connectors - extended ranges of BNC, Jacks, 
The TM series of low cost meters, with si and PCB types. - a 
3'/2 digit LCDs, full overload end 2 de aie 
crop ight WUE yon? Hardware ations incde new rang 
ae leads, battery a - a al offe ais control knobs, cabinet hardware and heatsinks. 
; Inductors - more additions to our already 
USUAL OFFER extensive range... 
PART NO. DESCRIPTION PRICE —PRICE Kits - new additions to the Velleman range. 
—_ Rigs - handheld ‘CB’ transceivers, wavemeters, 
TM 5315 DC current (10A) continuity and diode test £19.99 £19.25 scanning receiver accessories and aerials. 
TM 5365 Capacitance and frequency (200kHz) ranges £36.50 £29.99 Semis - new linear ICs, transistors and a 
TM 5375 Frequency range (20MHz) and HFE test £36.95 £31.49 complete new range of LEDs including blue 
TM 115  AC&DC current (10A), HFE and continuity test £32.50 £30.99 types. 
TM 175 — Freq. (15MHz), capacitance ranges with HFE, diode, continuity & LED test £53.60 £45.00 Speakers - new radio mic systems. 
TM 8020 3/4 digit display, freq. (4MHz) capacitance (40uF), AC+DC current to 20A £54.76 £49.95 Test Equipment - new hand-held frequency 
TM 8030  3°/s digit display, freq (4MHz), temp. (inc probe), AC+DC to 20A_ £59.96 £55.49 meter and satellite TV dish alignment system. 
7705 Capacitance meter, 1pF to 20,000uF £39.82 £35.90 And much more besides..... 


» Available at larger 
newsagents, from 


SPECTRUM teenie 
or directly from 
> 400kHz to 250MHz | ADAPTO R All prices include VAT at 17.5%. 


Postage and packing; standard £1.40, next 
frequency range day delivery £4.60. 







The new TSA250 will adapt any conventional 


> : C display of centre ses ae te cost ee Prices correct at time of going to press, but 
requenc analyser. With numerous applications in ee : 
q y design and development work, EMC . may change ' ne with exchange rate 
» Calibration marker investigations, and education. fluctuations. 


£399.00 









TSA250 


CIRKIT DISTRIBUTION LTD 


Park Lane - Broxbourne - Hertfordshire - EN10 7NQ Telephone (0992) 444111 - Fax (0992) 464457 





Access 


aa, 
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OPTO DEVICES —- LEDS - ETC 




























— —_— ——- = o—sc = oO  . << ox PHOTO SENSITIVE SCR 
o—_—c_—- om «= on cmemcom ica om Mounted on a PCB. No data, 
_—_s=_=2 o> =. on = —- om mamma 60p each, 2 for £1.00 
aneamp & aD @ aD LS Ree ited CREAR ir ETRE REIS 
= oe am =o om —_ am pars a came aa) 7 SEG DISPLAY 
o—- —<—<_ —- — ss a= =_se= o =< MAN6610 2 digit 0-6” high com anode, amber 
22 Ge A ae eB TERE CIS td AS ae @ aap oe ES Bs 
oe — = Se ees = = Ss ZS = al ciple ay 
ae a ee ee ee ee Es ee ee oe OPTO-ISOLATOR OP12252 
— 50p each 10 for £4.00 
ELECTRONIC COMPONENTS wl re 
£1.00 each 
LEDS - LEDS - LEDS 
MAINS TRANSFORMER Pri. 120V-0V, 120V-0V. 5mm rnd red/yellow/green/amber 10p each 12 for £1.00 any mix 
Sec. OV-12V, 0V-12V, at 3VA £2.62 each Smmrnd high brightness red/green 20p each 6 for £1.00 any mix 
PROJECT BOXES A range of high quality boxes moulded in black high 5mm rnd flashing red 60p each, yellow/green 70p each 
‘impact ABS, easily drilled or punched to produce a professinal looking 5mm rnd bi-colour 20p each, tri-colour 30p each 
end product Rectangular 6 x 6 x 2mm red stackable 10p each 12 for £1.00 
TYPE Ww L H PRICE LED mounted in chrome bezel red, yellow or green 30p each, 4 for £1 
72 75 56 25 ~=—«£0.77 LCD DOT MATRIX LED mounted in a black bezel red only 25p each, 5 for £1.00 
T4 111 57 22. ~§=£0.92 GRAPHICS DISPLAY. PLASTIC BEZEL for 5mm rnd leds 10 for 40p 
MB1 79 61 40 £1.35 MADE BY HITACHI, 20 ASSORTED FULL SPEC LEDS. Various shapes and colours £1.00 
MB2 ~—_ 100 76 41 £1.47 PART No LM225. CONSTANT CURRENT LED 5mm round, red, 2V-18V a.c. or d.c: 
MB3 =: 118 98 45 £1.71 Module size: Nom. 14mA 30p each, 4 for £1 
MB4 2160 = 130. 85 £5.19 270w x 150h x 13t,mm. ALARM CONTROL UNIT 
MBS 150 100 «60 £2.35 Display area: Single zone alarm control unit built into a domestic light switch 
MB6 = 220 1SO0 64 £3.95 238w x 104h mm. box. Ideal for home, caravan, boat, garage, shed etc. 
MB7 177 120, 83 £3,42 No. of dots 640 x 200. Facilities: - Normally closed loop for pir sensors, door/window 
MB8 «150 80 50 £2.22 Data sheet supplied. contacts etc SIREN 
All sizes are in millimetres ONLY £23.50. 
Normally open loop for pressure mats.| 12 volt dc for external use 
SPECIAL OFFER — PROJECT BOX 24-hour loop for personal attack button) 115db £8.95 
As above boxes 50 x 70 x 25mm 30,00 SWITCHES Visual indication that the system is BELL BOX 
60p each 10 for £5.00 TO CLEAR. MIN TOGGLES, operational. A plastic bell box cover 
KEY SWITCH ROCKER, TAB, SLIDE, ETC. Automatic entry/exit delay. supplied with backplate. 
SpGshisnice melon 45 ASSORTED SWITCHES Automatic system reset. Red/yellow/white 
29 ae FOR ONLY £8.95. Alarm output cmos logic level. £6.95 each 
MICRO SWITCH roller arm operation spdt 40p each PRICE COMPLETE WITH FULL INSTRUCTIONS £8.95 
MINIATURE TOGGLE SWITCHES BELL/SIREN INTERFACE BOARD COMPLETE £3.95 
dpdt 70peach dpdt3 position c/off 80p each PASSIVE INFRA-RED ALARM SENSORS 
spdtbiased 60peach_ spdt3 position c/off biased both ways 70p each gyB-MINIATURE PASSIVE 
dpdt 3 position c/off biased one way 80peach jNFRA-RED SENSOR ONLY 
MINIATURE TOGGLE SWITCH pcb mounting 3pdt 50p each 10 for £4.00 €5.95 
MINIATURE PUSH TO MAKE SWITCH 50p each Brand new passive _in- 
DIL RELAYS 5 volt dp/changeover 60p 10 for £5.00 fra-red sensor, measures 
12 volt dp/changeover 80p 10 for £6.00 only 33mmW x 24mmH x 
RELAY 10 amp contacts sp/changeover 12 volt coil £1.20each 29mmD. Logic level output. 
CAR HORN RELAY in metal can with fixing lug, s/pole on Full data and application 
10 amp contacts £1.00 each 6 for £5.00 notes supplied. 
20 AMP RELAY dp on 12 volt coil £1.50 each 4 for £5.00 EX INSTALLATION SENSORS tested working. : 
REED RELAY 12 volt 50p each 10 for £4.00 Type 1. Measures 180 x 112 x 70mm with walk test led, relay output 
240 VOLT AC RELAY. 3-pole c/o 10 ampcontacts £1.50 each 4 for £5.00 and tamper protection. 12 volt dc supply required £8.50 ea 
12 VOLT DC RELAY BOARD A useful PCB (196mm x 71mm) with 3 x s/pole c/o Type 2. As above but a smaller unit 123 x 62 x 50mm £11.75 ea 
relays and 1 x d/pole c/o relay. Connections to relay contacts and coils are Bas : 
brought out to pcb mounting terminal blocks £1.00 each 6 for £5.00 DOOR/WINDOW Please note: There may be variations in 
DIL SKTS ‘D’ CONNECTORS — one hig , the size of the above passive infra red 
8 pin 10 for £0.60 . plug socket cover | fi BCE Otel 10.ca| Sensors depending on stock at the time 
14pin =. 10 for £0.90 9 pin 30p 30p 35p JUNCTION BOX of ordering. But the unit will certainly be 
16 pin 10 for £1.00 15 pin 40p 40p 35p white 6 way 60p ae ; 
18 pin 10 for £1.00 25 pin 50p 50p 40p within the stated sizes. 
20 pin 8 for £1.00 DUAL TECH SENSOR Microwave and passive infra-red combined. 
24 pin 8 for £1.00 ALL COMPONENTS FULL #j| Separate led indication for each function. Measures 120 x 75 x 
28 pin 6 for £1.00 SPECIFICATION DEVICES 50mm. Relay output 12 volt dc tamper protection £29.95 ea 
40 pin 5 for £1.00 BREADBOARDS — CAPACITORS — SOLAR CELLS — 
SEMICONDUCTORS — TRANSISTORS -— ICS — DIODES - Shia ceur buen Phraya ba a Saae na Seorks 
volt'150mA max, size 60 x 100mm .35 ea 5 for 
°2N3702 40 dah Sheet at HEATSHRINK SLEEVING 8mm dia x 40mm long 5 lengths for £1.00 
pO Ne IOE ets BNC SOCKETS 50 ohm single hole fixing 50p ea 10 for £4.00 
BC337 10p ea 12 for £1.00 7812/7805/7912/7905 MIN BNC PLUG AND SOCKET 2 pairs for £1.50 
2N3904 10p ea 12 for £1.00 all 35p each, any 4for£1.20 piEZO TRANSDUCER 5 assorted types £1.00 
TIP31B 30 AD592An Temperature Sensor i.c. BREADBOARD 
P€a mounted on 1.5m screened MERCURY TILT SWITCH + 
’ 173 X 65mm 840TP £5.25 each 
TIP 3055 90p ea ead complete with data and adele etal tle paral 
ne | | 4Contact (Directional) £1.50 each TEXTOOL ZIF SOCKET 
2N3055H 60pea_ application notes £1.50 ea 28 pin zero insertion socket £5.95 each 
2N3771 £1.20 ea LM3914/LM3915 Bargraph ics £2.95 ea PIEZO VIBRATION SENSOR _ _ SOLID STATE RELAY 
741 0p-amp  25pea 5 for £1.00 LM317T Variable voltage regulator innaaiciiiibicish contre lollage bo ypas ts a 
555 timer ic 30p ea 4 for £1.00 mounted on a small heat sink 
4for£1.00 6 VOLT NI-CAD PACK 5AA NI-CADS, fast charge type £3.95 
LM324 quad MICRO IC’S CAPACITOR 10,000 mfd 25 volt with fixing clip 60p each 
op-amp 30p ea 4 for £1.00 7894 CPU ¢1.29 CAPACITOR 470 mfd 400 voit £1.50 each 4 for £5.00 
1N4007 diode 20 for £1.00 Z80A PIO £1.59 CAPACITOR 0. Imfd GSvolt Gp each 10 for 50p 
Z780B SIO-1 ¢4.09 CERAMIC CAPACITOR 0.1 mfd 
DIL 2 PINPACKAGE 6 for 50p 50 for £3.00 
- EPROMS 27C256 — 30 27C512 -— 25. Once programmed but never 
De pt | Mai itech used eprom. Mounted on a plastic carrier, can easily be removed 
from the carrier or used with a low insertion force socket. 
PO = Te 1 6 Lu d low 27C256 £1.00 each 6 for £5.00 270512 £1.20 each 5 for £5.00 
€ Suitable low insertion force socket 28 pin 40p ea 3 for £1.00 
Sh ropsh re MULTITURN PRESETS 20mm RECT, 500R, 1K, 5K, 10K, 20K, 50K, 
SY3 4NA 100K 1MO. 40p ea, 3 for £1.00 
# All prices include VAT. 
Tel: O58 474475 Please add 75p carriage to all orders 
% 
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SCHEMATIC DRAWING “OM 
FOR WINDOWS 


ISIS ILLUSTRATOR combines the high functionality of our DOS based ISIS products with the 
graphics capabilities of Windows 3. The result is the ability to create presentation quality schematics 
like you see in the magazines. ILLUSTRATOR gives you full control of line widths, fill styles, fonts, 
colours and much more. When the drawing is complete, transferring it your WP or DTP program is 
simply a matter of cutting and pasting through the Windows Clipboard. 


Features 





CADPAK - Two Programs for 
the Price of One. 


ISIS SUPERSKETCH 

A superb schematic drawing 
program for DOS offering Wire 
Autorouting, Auto Dot Placement, full 
component libraries, export to DTP and 
much more. 


Exceptionally easy and quick to use. For example, you 
can place a wire with just two mouse clicks - the wire 
autorouter does the rest. 


PCB Il 

High performance manual PCB layout package for 
DOS. Many advanced features including curved tracks, 
auto track necking, DXF export, Gerber and NC file 
generation, Gerber viewing and more. 


Graphical User Interface with intuitive "point and do" 
operation gives unparalled ease of use. 


qbcenter 


Eflectronijieeos 
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Runs under Windows 3.0 or 3.1. 

Full control of drawing appearance including line 
widths, fill styles, fonts, colours and more. 
Curved or angular wire corners. 

Automatic wire routing and dot placement. 
Fully automatic annotator 

Comes complete with component libraries; edit 
your own parts directly on the drawing. 

Full set of 2D drawing primitives + symbol 
library for logos etc. 

Output to Windows printer devices including 
POSTSCRIPT and colour printers. 

Loads ISIS SUPERSKETCH and DESIGNER 
files directly. 


ISIS and ARES - The 
Professional's Choice 


ISIS DESIGNER from £275 
ISIS DESIGNER forms the ideal front end of your 
CAD system, providing schematic capture, netlisting, 
bill of materials and electrical rules checks. 


DESIGNER+ adds advanced design managment 
features and is one of the most advanced DOS based 
schematics programs on the market. 


ARES from £275 
The ARES range of advanced PCB design products 
links with ISIS DESIGNER and other schematics 
programs. Working from a netlist, ARES helps you get 
it right first time with each connection automatically 
verified against the schematic. 


ARES AUTOROUTE adds multi-strategy autorouting, 
whilst for the ultimate in performance, ARES 386 goes 
up to 400% faster with unlimited design capacity. 


Call us today on 0274 542868 or 

fax 0274 481078 for « demo pack. 
Combination, multl-copy and educational 
discounts available. Prices exc P&P and VAT. 


14 Marriner's Drive, Bradford, BD9 4JT. 
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HART KITS give you the opportunity to build the 
very best engineered hifi equipment there is, 
designed by the leaders in their field, using the 
best components that are available. 

Every HART KIT is not just a new equipment ac- 
quisition but a valuable investment in knowledge, 
giving you guided hands-on experience of modern 
electronic techniques. 

In short HART is your ‘friend in the trade’ giving 
you, aS a knowledgeable constructor, access to 
better equipment at lower prices than the man in 
the street. 

You can buy the reprints and construction manual 
for any kit to see how easy it is to build your own 
equipment the HART way. The FULL cost can be 
credited against your subsequent kit purchase. 
Our list will give you fuller details of all our Audio 
Kits, components and special offers. 


AUDIO DESIGN 80 WATT POWER AMPLIFIER. 





This fantastic John Linsley Hood designed 
amplifier is the flagship of our range, and the ideal 
powerhouse for your ultimate hifi system. This kit 
is your way to get £K performance for a few tenths 
of the cost!. Featured on the front cover of 
‘Electronics Today International’ this complete 
stereo power amplifier offers World Class perfor- 
mance allied to the famous HART quality and ease 
of construction. John Linsley Hood's comments on 
seeing a complete unit were enthusiastic:- ‘‘The 
external view is that of a thoroughly professional 
piece of audio gear, neat elegant and functional. 
This impression is greatly reinforced by the 
internal appearance, which is redolent of quality, 
both in components and in layout.’’ Options 
include a stereo LED power meter and a versatile 
passive front end giving switched inputs using 
ALPS precision, low-noise volume and balance 
controls. A new relay switched front end option 
also gives a tape input and output facility so that 
for use with tuners, tape and CD players, or 
indeed any other ‘flat’ inputs the power amplifier 
may be used on its own, without the need for any 
external signal handling stages. ‘Slave’ and 
‘monobloc’ versions without the passive input 
stage and power meter are also available. All 
versions fit within our standard 420 x 260 x 75mm 
case to match our 400 Series Tuner range. ALL six 
power supply rails are fully stabilised, and the 
complete power supply, using a toroidal trans- 
former, is contained within a heavy gauge 
aluminium chassis/heatsink fitted with IEC mains 
input and output sockets. All the circuitry is on 
professional grade printed circuit boards with 
roller tinned finish and green solder resist on the 
component ident side, the power amplifiers 
feature an advanced double sided layout for 
maximum performance. All wiring in this kit is pre- 
terminated, ready for instant use! 


RLH11 Reprints of latest articles..................... £1.80 
K1100CM HART Construction Manual............. £5.50 
LINSLEY HOOD 1400 SERIES 


ULTRA HIGH-QUALITY PREAMP 

Joining our magnificent 80 Watt power amplifier 
now is the most advanced preamplifier ever of- 
fered on the kit, or indeed made-up marketplace. 
Facilities include separate tape signal selection 
to enable you to listen to one programme while 
recording another, up to 7 inputs, cross record- 
ing facilities, class A headphone amplifier, can- 
cellable 3-level tone controls and many other use- 
ful functions, all selected by high quality relays. 
For full details see our list. 


LINSLEY HOOD ’SHUNT FEEDBACK’ R.1.A.A. 
MOVING COIL & MOVING MAGNET 
PICKUP PREAMPLIFIERS 





Modern, ultimate sound systems are evolving 
towards built-in preamplifiers within or near the 
turntable unit. This keeps noise pickup and treble 
loss to a minimum. We now offer two units, both 
having the sonically preferred shunt feedback 
configuration to give an accurate and musical 
sound, and both having the ability to use both 
moving magnet and moving coil cartridges. 

Kit K1500 uses modern integrated circuits to 
achieve outstanding sound quality at minimal 
cost. The very low power requirements enable 
this unit to be operated from dry batteries and the 
kit comes with very detailed instructions making it 
ideal for the beginner. K1500 Complete kit with all 
components, printed circuit board, full instructions 
Arid Tilly THISNSd CASE iri ccsics ovicsnesinessnenssceeads £67.99 
LAST CONS OO sscdiasstdercosaseriedvnsnanecesgeybcaesssads £2.80 
Kit K1450 is a fully discrete component implemen- 
tation of the shunt feedback concept and used with 
the right cartridge offers the discerning user the 
ultimate in sound quality from vinyl disks. Can 
be fitted inside our 1400 Preamp, used exter- 
nally or as a standalone unit. It has a higher 
power requirement and needs to be powered 
from our 1400 Series preamplifier or its own 
dedicated power supply. K1450 Complete kit of 
board mounting parts for discrete component 
RIAA preamplifier..............:ee ednreiauuncherynt £61.06 
1500/2-8 Case to suit, including Hardware....£39.52 
K1565 Power Supply in matching case. Features 
shielded toroidal transformer and upgrade path to 
full preamp power SUPPIY.............. cece eee ee £79.42 


ALPS PRECISION LOW-NOISE STEREO POTS. 





To fulfil the need for higher quality controls we are 
now importing an exciting new range of preci- 
sion audio pots in values to cover most quality 
amplifier applications. All in 2-gang stereo format, 
with 20mm long 6mm dia. steel shafts. Now you 
can throw out those noisy ill-matched carbon pots 
and replace with the real hi-fi components only 
used selectively in the very top flight of World 
class amplifiers. The improvement in track ac- 
curacy and matching really is incredible giving 
better tonal balance between channels and rock 
solid image stability. Motorised versions have 5v 


DC Drive motor. 

PEGG VO Ui Rives secicreosnicessnissententinrnericviseenserens £8.67 
Z-Gang 10K & SOK 10g: cciccsdicsissssencisaneteshtxaasee £9.40 
2-Gang 10K Special Balance, zero 

crosstalk and zero centre IOSS...............:0.c.8 £10.48 
2-Gang 20K Log (Volume Control) 

MOTORISED weisiscessesscssecssct aad senvaeanaienhianmatouesies £19.20 


2-Gang 10K Special Balance, 

MOTORISED, zero crosstalk and 

< 10% centre loss with near 

1.00/ ANUIOG TRACKS) sisiciacstnnsnnccvncsesasslopsavnenvess £19.98 





Send or ‘phone for your copy of our List (50p) of these and many other Kits & Components. Enquiries from Overseas 
customers are equally welcome, but PLEASE send 2 IRCs if you want a list sent surface post, or 5 for Airmail. 


get your order on its way to you THAT DAY. 


QUALITY 
AUDIO KITS 


Ordering is easy. Just write or telephone your requirements to sample the friendly and efficient HART 
service. Payment by cheque, cash or credit card. A telephoned order with your credit card number will 


Please add part cost of carriage and insurance as follows:-INLAND Orders up to £20-£1.50 
Orders over £20 - £3.50 Express Courier, next working day. £10 (For safety all computer parts 
are only sent by courier) OVERSEAS — Please see the ordering information with our lists. 


24 hr. SALES LINE [ALL PRICES 
INCLUDE VAT 


AT 17.5% 






(0691) 652894 
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HART AUDIO KITS - YOUR VALUE FOR 
MONEY ROUTE TO ULTIMATE HI-FI 


STUART REEL-TO-REEL TAPE RECORDER 
CIRCUITS 
Complete stereo record, replay and bias circuit 
system for reel-to-reel recorders. These circuits 
will give studio quality with a good tape deck. 
Separate sections for record and replay give 
optimum performance and allows a third head 
monitoring system to be used where the deck has 
this fitted. Standard 250mV input and output 
levels. Ideal for bringing that old valve tape 
recorder back to life. Suitable stereo heads are in 
our head list. This basic kit is suitable for ad- 
vanced constructors only.K900W Stereo Kit with 


Wound Coils and Twin Meter Drive.............. £123.93 
RJS1 Reprints of Original Descriptive 
PTC circ zcewinnasanadun sauna sidnicasciaaheeblidnonuatentensise £3.60 
LINSLEY-HOOD CASSETTE RECORDER 
CIRCUITS 


Complete record and replay circuits for very high 
quality low noise stereo cassette recorder. 
Circuits are suitable for use with any high quality 
cassette deck. Switched bias and equalisation to 
cater for chrome and ferric tapes. Very versatile, 
with separate record and play circuits and easy to 
assemble on plug-in PCBs. Complete with 
full instructions.Complete Stereo Record/Play 
FRG ccdecosies <deieesconuud ospene acento erpeeisseniienrasmimesseanee: £62.58 
VU MGters 00 SUN. wsicciernnircesorerscarecercters (Each) £3.99 
RLH1 & 2 Reprints of original Articles............. £2.70 


HIGH QUALITY REPLACEMENT 
CASSETTE HEADS 





Do your tapes lack treble? A worn head could 
be the problem. For top performance cassette 
recorder heads should be replaced every 1,500 
hours. Fitting one of our high quality replacement 
heads could restore performance to better than 
new!. Standard inductances and mountings make 
fitting easy on nearly all machines (Sony are spe- 
cial dimensions, we do not stock) and our TC1 Test 
Cassette helps you set the azimuth spot on. As we 
are the actual importers you get prime parts at 
lower prices, compare our prices with other sup- 
pliers and see! All our heads are suitable for use 
with any Dolby system and are normally available 
ex stock. We also stock a wide range of special 
heads for home construction and industrial users. 
HC80 NEW RANGE High Beta Permalloy Stereo 
head. Modern space saver design for easy fitting 
and lower cost. Suitable for chrome metal and fer- 
ric tapes, truly a universal replacement head for 
everything from hi-fi decks to car players and at 





an incredible Price tOO! ....:...6.cccncssenceensscnevenses £8.30 
HS16 Sendust Alloy Stereo Head.................. £21.49 
HRP373 Downstream Monitor 

Stereo Combination Head...................:.ccce ees £53.90 


HC15 Special Offer of Standard 

Quality Stereo R/P Head with 

slight face scratches................s..006. 3 for Only £4.80 
HQ551A 4-Track RECORD & Play 

Permalloy Head for auto-reverse car 


players or quadraphonic recording................ £8.75 

HM120 Standard Mono R/P Head........ eepeeasiane £3.44 

H524 Standard Erase Head...................:ccceeeeeee £1.90 

H561 Hi Field Erase Head for 

METAL TODOS sicccscnsssiicsanassssesayeceenssisaandsunstavasenns £3.49 

SM150 2/2 (Double Mono) DC 

Erase He@ad...............cccsccccoscssteccstcececescscnaesvsscecs £5.20 

HQ751E 4/4 True 4-Track Erase Head............... £57.06 
REEL TO REEL HEADS 

999R 2/4 Record/Play 110mH. Suits Stuart 

FS Ci CU ain desc saiewrie Girareccrsavecncsteceneaner £13.34 

998E 2/4 Erase Head 1mH. Universal 

Mount, SUNS Stuart. cc. ciciisesvasssssseeversrvieecisiseds £11.96 


TAPE RECORDER CARE PRODUCTS 
DEM1 Mains Powered Tape Head 
Demagnetizer, prevents noise on playback 
due to residual head magnetisation................ £4.08 
DEM115 Electronic, Cassette Type, 
GOITIAQMOUZON oy csessieiinaitecosssnacsdscadsensexansvensavancar 
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160 Pages of 


1993 CATALOGU 
OUT NOW!!f 


Brand new base unit, keyboard, mouse and manual. Completely 
standard machine fitted with 2 x 5.25" disk drives, only being sold 


so cheaply as we have 


no monitor to go with Amazing 


Price! - £ 9 9, 95 


VHF/UHF TV RECEIVER/CONVERTER 
ee $=, 28991 Amstrad 
ms» ©00 OO | mp3 computer 

—s modulator/converter. 


Secret Q 


*Games Console 
*2 Control Paddles 
*TV lead 








frequency. Grey case 330x250x50mm Controls: contrast, colour, 
(VHF-L, VHF-H, UHF) RGB output on 6 pin DN 


*Burnin’ Rubber Cartridge 


*Power Supply 
*Instruction Books 
Inputs for 2 paddles, analogue joysticks, 
light gun/pen etc. Outputs UHF, RGB on 
8 pin DIN skt, SCART skt, stereo sound 
35mm skt. Uses 168 pin dedicated chip, 
ZB0A CPU, AY-3-8912 sound chip, UMI234 


High quality for pubs, clubs etc. 
Bass unit, mid and 2 tweeters. 
Moulded cabinet with adjustable 
bracket. Max power 80W. Size 
275x170x125mm. 4R imp. 


Less than half price! 


£39.95 


INSULATION TEST UNIT 


Y136C 500V tester that can be used with 
most digital meters. 2 ranges covering 
100k-1999M. Supplied with leads, batts, 
instructions and carry case. Original trade 
price £34 


£12.95 


All 1 off and 


Casio have just introduced a 
range of personal stereos and 
portable audio uipment at 
very competitive prices: 


i 
ie 
| 


W880 Bass boost, auto stop, belt clip £8.99 
AS51R As above but with AM/FM radio 
£15.99 

AS500R As AS51R, but with auto reverse 


£23.50 
W120 As ASS5OOR but with graphic equalizer 


‘See. 
GREENWELD 


ELECTRONIC 


assette, 6bW PMPO £32.95 book tokens, 


P200 Bass boost, AM/FM/LW radio, twin 

assette, hi-speed dubbing, graphic equalizer, 
BWPMPO £42.95 

D510 CD player. twin cassette, AM/FM/LW 
radio + lots of other features, 45W PMPO 
£159.95 





COMPONENTS 
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Bargain List - 32 Pages of Surplus Bargains 
+ First Class Reply Paid Order Form + Latest 
Offer Sheet - You can't afford to miss it! 


£2.75 per order (£9.50 next day) Min Credit Card £12. Official 
orders from Education welcome; min invoice charge £15. Payment 
is accepted by cheque, PO, cash (inc foreign currency banknotes), 


stocks - we are open from 9-5.30 Mon-Sat. Come and see us! 


27D PARK ROAD, SOUTHAMPTON, SO1 3TB 





_@i»~ i = J 


£2.00 


| ed Oe Ml sell a ok 


PC SOFTWARE AT AMAZING PRICES! 


regular lines + our famous 





graphics. Needs PC with DOS 2+, 256k RAM, 
mono or colour display. Supports over 200 
195 

25444 PC-MIX Multitasking Interfacing Executive - enables up to 3 ¢ 4 Q 5 
progs to be run simultaneously. e handbook and 5%" disk. a 
handbook and disk 
25445 514"; 25446 312" Learn to type £3.95 DOS commands, topics and 

procedures. Boxed set with handbook 


Words & Figures by Lifetree - combined 25442 5'4" version 

spreadsheet, word processor and database with 25443 3%" version 

printers. 546 page manual, spread out menu and 

disks, all in library case. Just look at the price!! 

INDIVIDUAL TUTORS - boxed set with |SmartGuide for DOS 
25452 On line reference guide to 

25448 514"; 25449 314" Learn to use DOS £3.95)0 or ick 24.95 

25450 514" Learn to use your PC £3.95 25453 312" version £4.95 


Gold sovereigns, Roman coins, historic pots and medals 
- and lost current coinage! C-Scope Metal Detectors 


€.SCOPEZz ze 


Full colour brochure on request - all models on view and d 
at our shop. Prices start from less than £80! 


ATARI 2600 
GAMES CONSOLE 


Complete and boxed with joystick, 
power supply, TV lead and games 


cased 3.5" 720k unit comes complete 

with cables and instructions. Can be 

used with 1x86 & 2x86 "as is", and Price 
with 1512/1640 with mod. 


£24 95 


AKERS 


AUTO-REVERSE 
CASSETTE MECHS 


Z5405 High quality heavy duty all metal 
construction stereo cassette _ player 
mechanism, probably intended for continuous 
background music. This is a lovely bit of kit - 
starts playing as soon as a cassette is 
inserted. Has fast forward, rewind and eject 
keys. It's bi-directional, and the sensing 
circuit automatically reverses the tape at the 
end. Has a Canon motor and works off 12V 
DC. Great value at £4.95. 


NEW POWER SUPPLIES 


Z5406D High efficiency step down power 
regulator module by SGS. This is a GSR400 
type, as listed by Farnell at £41.11 each. 
Output is 7V @ 4A from a DC input of 10- 
46V. Possible uses include battery charger, or 
put two together and use 24V lorry battery to 
power car equipment. Our special price - 
just £5.75 each. 


25409 Eurocard size - 160x100mm by 
Protek. 115/230V input. Outputs: +5V @ 3A; 
+12V @ 2A; -12V @-0.25A Price £8.95 


TEACH-IN 93 


We have good supplies of 


VEROBLOCK 


and can offer 2 for £13.70 + P&P 
with a FREE (on request) miniature 


seaee 


Sel cet ee wanesacimess 


CAMERA 
CLEARANCE 


110 & 35mm - all are returns, some have small paris 
missing, but great value for lenses, electronics et 
(most have built in flash units) 


S for £10 


pack prices include VAT, qty prices do not. P&P 


Access, Visa, Connect. Our stores have enormous 





mam Tel: (0703) 236363 


Fax: (0703) 236307 





12/24V ac/dc soldering iron! 


769 


















GE 








ELECTRONICS % LTD 


Staffs. DE14 2ST 


135 Hunter Street mm, | 
Burton-on-Trent =—_——_=2- 


Tel 0283 65435 Fax 46932  ££126 





Pa~=sC AAI Prices 
include V.A.T. 
Add £2.00 per 


order p &p 








SHOP OPEN 9-5 Mon-Fri 9-2 Sat --- OFFICIAL ORDERS WELCOME --- KIT LIST - S.A.E 


VERSATILE BBC INTERFACE 


A comprehensive interface which allows the BBC 
computer to to be connected safely to a wide by 
of input and output devices. Two leads connect the 


interface to the User Port and the Printer port. The | 
interface connects to the ‘real world’ via standard = 
screw terminal blocks. Up to 16 outputs (all via ~ 
plug-in single pole change over relays - 8 supplied) * 
and 8 fully protected inputs. L.e.d. status monitoring % 
is provided on all input and output lines. The inter- ~ 
= grammed microcontroller IC to generate over 
«x 100 light sequences. Additional battery 
* backed RAM area to store your own © 
# sequences. Keypad control allows lamps to , # 
.. be controlled manually, sequences entered and selected, and sequence 
® speed to be increased and decreased. ZERO VOLT SWITCHING. Programs = 
# include 3 and 4 channel versions so that existing lights can be used as well x 


face requires an independent 12 Volt supply. 


KIT 844. icciiccciscecsspoeess £51.95 


STEPPING MOTOR 
DRIVER & INTERFACE 


esp board alg Stepping motor driver transformer ensures foolproof operation with pin-spots and other difficult & 
with built in oscillator and speed control circuits. A _ |oads. This is a superbly finished kit with pre-drilled case and screen printed .. 
computer is not required with this board which will % = 


drive most unipolar 4 phase motors. Variable Ac- 


display. Connector is provided for a computer port. 
The Kit includes our MD35 motor 


KIT 843 £29.95 - BUILT £44.95 
DIGITAL LCD THERMOSTAT 


A versatile thermostat using a thermistor probe and 
having an l.c.d. display. MIN/MAX memories, -10 
to 110 degrees celsius, or can be‘set to read in 
Fahrenheit. Individually settable upper and lower 
switching temperatures allow close control, or alter- 
natively allow a wide ‘dead band’ to be set which 
can result in substantial energy savings when used 
with domestic hot water systems. Ideal for green- 
house ventilation or heating control, aquaria, home 
brewing, etc. Mains powered, 10A SPCO relay out- 
put. Punched and printed case. 


4 eee £29.95 
4 CHANNEL LIGHT CHASER 


A 1000W per channel chaser with Zero Volt Switch- 
ing, Hard Drive, and full inductive load capability. 
Built-in mic. and sophisticated ‘Beat Seeker’ circuit 
- chase steps to music, or auto when silent. Variable 
speed and mic. sensitivity control, |.e.d. mimic on 
front panel. Switchable for 3 or 4 channels. P552 
output socket. Suits Rope Lights, Pin Spots, Disco, 
and Display lighting. 


SUE: Sk eer £32.13 
SUPERHET LW MW RADIO 


At last an easy to build SUPERHET AM radio 
kit. Covers Long and Medium waves. Built in 
loudspeaker with 1 Watt output. Excellent sen- 
sitivity and selectivity provided by ceramic IF filter. 
Simple alignment and tuning without special equi- 
pment. Supplied with pre-drilled transparent front 
panel and dial, for interesting see-through appear- 
ance. 


ACOUSTIC PROBE 


A very popular project which picks up vibrations by 
means of a contact probe and passes them on to a 
pair of headphones or an amplifier. Sounds from 
engines, watches, and speech travelling through 
walls can be amplified and heard clearly. Useful 
for mechanics, instrument engineers, and nosey 
parkers!. 


KIT 740... arcsessssccdeseeseeeens £19.98 
PEsT SCARER 


Produces high power ultrasound pulses. L.e.d. 
flashés to indicate power output. Battery powered 
9-12V, or mains adaptor £2.00 EXTRA. 


SU) erent £14.81 


anh * sockets, 8 Amp isolated tab triacs with heatsink. 
celeration, Speed, and Direction, may be controlled * P 


in HALF STEP, FULL STEP, and ONE PHASE = 
modes. Up to 35V and 1.5A per phase. L.e.d. mimic x 


PROGRAMMABLE 
SEQUENCER KIT 838 


An advanced design using a_ pre-pro- 


" as 8 channel arrangments. Special output drive using a two winding ~ 


front panel. Full LED mimic. 2 P552 output 


KIT PRICE 
aghaem 


Kit includes everything — down to the last nut 
and bolt. Tremendous Value. 





SUPPLY 25V 2.5A 


Our own high performance design. Variable output 
Voltage from 0 to 25V and Current limit from 0 to 2.5A. 
Capable of powering almost anything. Two panel 
meters indicate Voltage and Current. Fully protected 
against short-circuits. The variable Current limit con- 
trol makes this supply ideal for constant current 
charging of NICAD cells and batteries. A Power 
MOSFET handles the output for exceptional rugged- 
ness and reliability. Uses a toroidal mains transformer. 


BE Poe aria petccv eases ficsacneant caentensorecemeace 
DIGITAL CAPACITANCE METER 


Provides clear readings of capacitance values from a few pF up to thousands of 
uF. Ideal for beginners. It allows obscurely marked components to be identified 
quickly and easily. Quartz controlled accuracy of 1%, and large clear 5 digit dis- 
play. Kit is now suplied with a puriched and printed front panel, case, all com- 
ponents and top quality printed circuit board. New low price. 


BAT DETECTOR 


An excellent circuit which reduces ultrasound frequencies between 20 and 100 kHz 
to the normal (human) audible range. Operating rather like a radio receiver the circuit 
allows the listner to tune-in to the ultrasonic frequencies of interest. Listening to Bats 
is fascinating, and it is possible to identify various different types using this project. 
Other uses have been found in industry for vibration monitoring-etc. 


FUT 0 hse tate tase caca tee cosatcssnctecevtaueentonceae saan £21.44 
QUICK CAPACITANCE TESTER 


A low cost hand-held audio/visual unit which can identify short, open and 
working capacitors quickly and with a minimum of fuss. Also gives indication of 
leakage current . An ideal kit for beginners, built on a single printed circuit board 
which has large copper areas used as test pads. Only a minimum of wiring is 
needed. 2 |.e.d.s and a piezo transducer provide the output indication. 


SERS. See £10.34 
IONISER 


A highly efficient mains powered Negative lon Generator that clears the air by 
neutralising excess positive ions. Many claimed health benefits due to the ioniser 
removing dust and pollen from the air and clearing smoke particles. Costs virtually 
nothing to run and is completely safe in operation. Uses five point emitters. 


PRD. FOP csgsiavahaslaastactinnsastasends ehanieneenianeaes £17.75 
ACTIVE !.R. BURGLAR ALARM 


This alarm is useful where ordinary ‘passive’ (pir) detectors are not suitable. It 
works by detecting disturbances to its own short wave infra-red beam. Output is 
via mains rated relay contacts. Built in timer, and mains transformer. 


FP aac arent steps ends teeee ns eeneecann: £40.74 









12V EPROM ERASER 


A safe low cost eraser for up to 4 EPROMS ata time 
in less than 20 minutes. Operates from a 12V supply 
(400mA). Used extensively for mobile work - up- 
dating equipment in the field etc. Also in educa- 
tional situations where mains supplies are not al- 
lowed. Safety interlock prevents contact with UV. 


KIT 790 cccccccccccccesececseseee. £28.51 
EE TREASURE HUNTER 


Our own widely acclaimed design. This sensitive 
Pulse Induction metal detector picks up coins and 
rings etc up to 20cm deep. Negligible ‘ground ef- 
fect ‘ means that the detector can even be used with 
the head immersed in sea water. Easy to use, Cir- 
Cuit requires only a minimum of setting up as a 
Quartz crystal provides all of the critical timing. Kit 
includes search-head, handle, case, PCB and all 
components. 


SUB LES err. £45.95 
INSULATION TESTER 


A reliable and neat electronic tester which checks 
insulation resistance of wiring and appliances etc., 
at 500 Volts. The unit is battery powered, simple 
and safe to operate. Leakage resistance of up to 
100 Megohms can be read easily. A very popular 
college project. 


KIT 444. eens £22.37 
3 BAND SHORT WAVE RADIO 


Covers 1.6 to 30MHz in three bands using modern 
miniature plug-in coils. Audio output is via a built- 
in loudspeaker. Advanced stable design gives ex- 
cellent stability, sensitivity and selectivity. Simple 
to build battery powered circuit. Receives a vast 
number of stations at all times of the day. 


ALi eee ere £30.30 
DIGITAL COMBINATION LOCK 


Digital lock with 12 key keypad. Entering a four 
digit code operates a 250V 16A relay. A special 
anti-tamper circuit permits the relay board to be 
mounted remotely. Ideal car immobiliser, operates 
from 12V. Drilled case, brushed aluminium keypad. 


Fv irsxenunccencnsmeatiacs £19.86 


PORTABLE ULTRASONIC 
PEsT SCARER : 


A powerful 23kHz ultrasound generator in a com- 
pact hand-held case. MOSFET output drives a spe- 
cial sealed transducer with intense pulses via a spe- 
cial tuned transformer. Sweeping frequency output 
is designed to give maximum output without any 
special setting up. 


SEES oe ee £22.56 
LIGHT RIDER DISCO LIGHTS 


A six channel light driver that scans from left to 
right and back continuously. Variable speed con- 
trol. Up to 500 watts per channel. Housed in a 
plastic boxfor complete safety. Built on a single 
printed circuit board. 


KIT 560....ssscessssseessseeee £22.41 


LIGHT RIDER 
9-12V CHASER LIGHTS 


A low voltage DC powered end-to-end type chaser 
that can be set for any number of lights between 
3 and 16. The kit is supplied with 16 l.e.d.s but 
by adding power transistors it is possible to drive 
filament bulbs for a larger brighter display. Very 
popular with car customisers and modellers. L.e.d.s 
can be randomly positioned and paired to give 
twinkling effects. 


Se eee £15.58 


SEE OUR FULL RANGE OF KITS, BOOKS, TOOLS, AND COMPONENTS IN OUR CATALOGUE 





HAMEG HM203-7 20 MHz 


DUAL TRACE OSCILLOSCOPE 


& COMPONENT TESTER 


Western Europe's best selling oscilloscope -It is RELI- 
ABLE, HIGH PERFORMANCE, & EASY TO USE. 

Sharp bright display on 8 x 10cm screen with internal 
graticule. A special extra feature is the built-in com- 
ponént tester which allows capacitors, resistors, transis- 
tors, diodes and many other components to be checked. 
The quality of this instrument is outstanding, and is sup- 


ported by a two year parts and labour warranty. 


If you are buying an oscilloscope - this is the one. - It 
costs a fraction more than some other 20 MHz ‘scopes 
but it is far far superior. Supplied with test probes, mains 


lead, and manual. 


£338.00 + £59.15 VAT Includes FREE 


Next-day delivery 


(Cheques must be cleared) 


770 





EDUCATIONAL BOOKS & PACKS 


The classic book by Tom Duncan used throughout 
schools. Very well illustrated, ideal first book for age 10 
on. No soldering. Uses an S.DEC breadboard. 

Book &Components £28.95, Book only £6.25 


FUN WITH ELECTRONICS 

An Usborne book, wonderfully illustrated in colour. Com- 
ponent pack allows 6 projects to be built and kept. Sol- 
dering is necessary. Age 12 on, or younger with adult 
help. Book & Components £20.88, Book only £2.95 


30 SOLDERLESS BREADBOARD PROJECTS 
A more advanced book to follow the others. No soldering. 
Circuits cover a wide range of interests. — 

Book & Components £30.69, Book only £2.95 





ADVENTURES WITH ELECTRONICS Ideal 


and many other mechanical 


for robots, buggies, 


projects. Min. plastic gearbox 
with 1.5-4.5V 
ratios can be set up. 

Small type MGS....£4.77 
Large type MGL....£5.58 


STEPPING MOTORS 


For computer control via MD35% - standard 48 
standard 4 pole unipolar steps per rev 

drivers. 
MD38 
steps per rev 


DC motor. 6 


- anne 7 MD200 - miniature 2 


steps per rev 17.10 
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MINI LAB KITS 


ALL COMPONENTS TO ASSEMBLE 
THE EPE MINI LAB ARE AVAILABLE 
FROM MAGENTA. 


The easy way to buy the correct parts to 
follow this exciting new educational series. 





Components are supplied in packs to keep 
ordering simple. 


A full MINI LAB consists of ML1, ML3, ML5, 
ML6. These are available at a special 


COMbINE Price Of.........ccsssecscscscesecssseseseees £114.99 
or less the p.c.b. 
,ML3, ML5, MLG6 att........c.scsseee £104.99 


The transformer unit ML4 is also needed....£21.45 


KIT ML1 MINI-LAB P.C.B. + all components 
inclusive of two breadboards for 


Pat, LINO 92 canciones £49.95 
KIT ML2 All Components for Part 1 less | 

DG Dicer avideinamatasdeounas £39.95 
KIT ML3. Power Supply components........... £19.95 
KIT ML4 Transformer uniit..............ccsceccceseeees £21.45 


KIT ML5 L.E.D. Voltmeter, signal 
generator, audio amplifier and 


BOD TIS wearisome iene 3.95 
KIT ML6 Logic probe, display, radio 
PUG saseeste edict teaver aes taassanstnacs: £17.95 


(Note: batteries not included) 
All prices include V.A.T. Add £2.00 p&p. 


Tel: 0283 65435 Fax: 0283 46932 
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DISPLAY 


ELECTRONICS 
32 page catalogue 


a wide range of products from 
“The Original Surplus Wonderland.” 


EMERGENCY 
LIGHTING SYSTEM 


An emergency lighting unit that will come on 
automatically if it is dark when the mains fails. With 
winter soon upon us and the risk of power failures 
why not ensure some light in the dark. 


CONTINUOUSLY VARIABLE 
BALANCED POWER SUPPLY 


This p.s.u. provides continuous and simultaneous 
variation of positive and negative balanced outputs. 
The circuit is simple and inexpensive and provides a 
voltage range of + 4V to about + 16V at 300mA, thus 
covering most ot the voltage requirements for 
experimental and test purposes. 


FILTERED AERIAL AMPLIFIER 


This u.h.f. aerial amplifier is intended for those 
suffering from bad TV reception either because they 
live in an area prone to interference from other 
transmissions or unsupressed motors etc., or where 
the signal is just weak. It is also intended for use in. 
boats and caravans where the aerial itself may be a 
small, inefficient set top or similar type with little or 
no gain. 


PLUS A RANGE OF EASYTO — 
BUILD QUICK PROJECTS 


Space permitting we hope to be able to bring you the 
following projects: Soft Distortion Effects Unit; Flash 
Slave Unit; Car Ice Alarm; Metronome. 





It should be another exciting bumper issue = 
don’t miss it. 


EVERYDE 


WITH 
Re TRONICS 
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ESR ELECTRONIC COMPONENTS 


hoy ah G0) oe pver-le em GUUL I>) geler-b aoe 


Tyne & Wear NE30 4PQ 
Tel. 091 251 4363 Fax. 091 252 2296 


74LS-Series 4000 Series TRANSISTORS LINEAR ICs SOLDERINGIRONS RF CONNECTORS 








74LS00 =—6£0.14 4000 £0.17 2N1613 £0.31 BC184L £0.08 BD441 £0.41 CA311E £0.28 Antex Soldering irons BNC Solder PI £0.85 
74LS01 £0.14 4001 £0.17 -2N1711 «£0.26 «= BC186_ ~=—«s- £0.33. BD442.—«s«£0.41.«Caz24.~=—s £0.23. M12 Watt £7.75 BNC Crimp Plus £0.68 
74LS02 £0.14 4002 £0.17 2N1893 £0.29 BC204C £0.72 BD534 £0.47 CAS55 £0.22 C 15Watt £7.75 BNC Solder Skt £1.08 
74LS03. £0.14 4006 £0.32 2N2218A £0.28 BC206B £0.72 8D535 £0.48 ; G 18Watt £7.30 BNC Chassis Sk £078 
74LS04 £0.14 4007. £0.17 -2N2219A £0.25 BC207C £0.72 BD536 «6 £0.65 «9 CA741CE = £0.18 = CS 17Watt £7.96 cioash om 
74LS05 £0.14 4008 £0.31 2N2222A £0.16 BC208 £0.72 BD646 £0.52 CA747CE £0.39 XS 25Watt £7.96 ee £0.58 
74L808 £0.14 4009 £0.19 2N2646 £0.80 BC209A £0.72 B8D648 £0.52 CA3046 £0.37 ST4STAND £2.85 FLZ59 Vimm £0.58 
74LS09 £0.14 4010 £0.23 2N2904A £0.25. BC212 £0.08 BD650 £0.53 caz080 £0.72 35WattGaslron £11.17 RND UHF socket £0.63 
74LS10 £0.14 4011 £0.16 2N2905A £0.23 8C212L £0.08 BD707 £042 ¢a3130 © go.gg «S«zDesolder Pump £3.00 SOR UHF socket £0.40 

4012 £0.16 2N2907 £0.20 8C212LB £0.08 BD807 °® £0.80 , Antistatic Pump £4.30 F Plug RG58 £0.27 
74LS107 £0.23 CA3130E £0.98 
74LS109 £0.21 4013 £0.17 2N2926 £0.16 8C213 £0.08 BDX32 £1.78 ; 22SWG 0.5Kg Solder £7.40 F Plug RG6 £0.27 
74L811 £0.17 4014 £0.30 2N3053 £0.27 BC213LC £0.08 BDX33C £0.46 CA3140 £0.56 18SWG 0.5Kg Solder £6.60 N Plug RG8 £1.64 
5418112 £0.21 4015 £0.31 2N3054 £0.90 BC214 £0.08 BDX34C £0.50 CA3240 £1.22 1mm3yds Solder £0.58 N Socket RG8 £1.30 
74LS113 £0.21. 4016 £0.18 ere Aah ets ope yelp raed ICL7621 £1.70 Desolder Braid £0.87 BNC Crimp Pliers £15.50 

4017 «£0.25 
valsiz, fore 4018 £027 23702 £0.08 BCzaBC fo.08 Brteo E01 IcM7s58 £0.96 WVEXPOSUREUNT E838 

4019 £0.19 
sae et 4020 £031 2N3704 £0.10 BC251 £013 BFI85 £031 \LM301A £0.25 PLASTIC DEVELOPING TRAY £1.35 
o4L8125 £0.21 4021 £0.31 2N3705 £0.10 BC252 £0.13 BFI94 £0.19 LM348N £0.31 PHOTO RESIST AEROSOL SPRAY (100m!) £3.90 
548128 £0.21 4022 £0.32 2N3706 £0.10 BC261B £0.24 BF195 £0.19 LF351N £0.36 FERRIC CHLORIDE CRYSTALS (0.5Kg) £2.45 

4023 £0.16 2N3771 £1.44 BC262B £0.24 BF244 £0.35 TIN PLATING POWDER (90 £9.86 
74LS13. £0.14 LF353 £0.41 (90g) 
7418132 £0.21 4024 £0.21 2N3772 £1.51 BC267B £0.30 ®BF257 £0.33 LM358N £0.27 ETCH RESIST PEN £0.72 
7 4025 £0.15 2N3773 £1.79 BC307 £0.10 BF259 £0.33 PCB POLISHING BLOCK £1.84 

74LS133 £0.18 LM377 £2.57 

4026 £040 2N3819 £0.40 8BC308 £0.10 BF337 £0.36 
74LS136 £0.16 4055 ¢94g— 2N3820 £0.58 BC327 £0.10 BF355 £0.38 LM380N_ £1.12 STRIPBOARD 0:1 PITCH BREADBOARD 
74LS138 £0.24 4053 = ¢9'22- «=: 2N3904 «= £0.10 BC328.=—s« £0.10 BF423.—s« £0.13 L381 £2.70 a ee na 
74LS139_ £0.25 4059 ~=Ss gg. 27.««-2N3905 = £0.10 BC337. Ss £0.10 = BF451 £0.19 | aa3g6 £0.48 pliable dh £0.90 175mm x 42mm £3.50 
74LS14_ £0.18 4039) 9.17. 2N3906 =: £0.10 BC338_ Ss £0.10 =~ BF459 £0.29 vy paella lal Ald 
74LS145 £0.56 403; ¢o79 2N4036 £0.31 BC414C £013 BF469 £0.36 «91 M387 £1.60 Gémm x 431mm £3.22 203mm x 75mm includes 
74LS147 £1.26 4033 ¢9'66 © 2N5296 «= £0.57 BC441 = £0.40 «ss BFX29.—=—s« £0.29: LM392N — £0.79 ea Sibi a eee £6.68 
74LS148 £0.70 4934 = ¢4.24 «0S 2N5321 Ss £0.57. BC4611 £0.40 BFX84 £0.31 LM393N £0.28 pedals eo £4.80 COPPER BOARD (G. Fibre) 
74LS15 £0.14 4035 «= gp. 2NG107—Ss £0.60 = BC463. «ss £0.29. BFX85 = £0.31. = LM748CN_ £0.31 piel lade fal £y8o 100mm x 160mm £0.84 
74L$151 £0.25 ACi26 = £0.30 ©=BC478 =—_« £0.32, BFY50 = £0.29 injyasg ~—sé£'0.26 ee 110mm x 220mm £1.24 
74L8153 £0.25 4040 £0.29 4¢157 £0.30 BC479. ~«—«£0.32,—s:BFY51 ~—s-:«€0.26 ; 119mmx 454mm —_—-£6.20 
74tsi54 €0.70 404, £039 aci2a £0.28 BC490 £0.24 BFY52 £0.28 ‘M3900 £0.72 PHOTO RESIST BOARD PHOTO RESIST BOARD 
74LS155 £0.25 4043 «¢0.2g C187 £0.37 BC516 £0.22 BSW66 £1.35 \&M3914 £2.70 .,  (G. Fibre) 2, (Paper) 
74LS156 £0.25 4044 £031 AC188 £0.37. BC517 £0.20 BU126 £1.32 LM3915 £2.70 3x4 £0.86 3° x4 67 
748157 £0.25 404g £0.31 ACY17 £3.84 BC527 £0.20 BU205 £1.41 MC3340  ~=—« £1.60 ; x6 A oS rf x6 ri 24 
74LS158 £0.25 4047 £0 25 AD149 £1.67  BC528 £0.20 BU208A £1.34 = sac4sss £0.36 Pa ; Ys £2.41 Pe : a es 
74LS160 £0.32 4048 £0 31 AD161 £0.92 BC537 £0.20 BU326A £1.40 . . 


NE531 £1.56 

AD162 £0.92 BC546C £0.08 BU500 £1.80 
vateien Epgg 4049 «£0.20 Bc107 = £0.14 BC547C «£0.09 BUSOBA £1.37 NESS6N — £0.36 CAPACITORS beihuae ace ibe Ny gee 
74l8i63. £032 sor” £0.20 8Cc107B £0.15 BC548C £0.08 BU526 £1.74 NE567N £0.36 Ceramic Disc 100V10pF to 100nF £0.07 SWITCHES 














4051 £0.25 
74LS164 £026 doco rose BCI08 £0.12 BC549C £0.10 BU806 = £1.06 NE5532 £0.80 Ceramic Plate 100 & 63V amp 250v 6.4nim ¢ mounting 
BC108A £0.14 BC550C £0.08 BUX84 £0.77 1.OpF to 12nF 
74LS165 £0.48 4053 £0.25 NE5534 £0.66 p SPST Toggle : 
54LS170 £0.30 4054 £0.56 BC108C £0.14 BC556A £0.08 IRF540 £1.60 TBA120S £0.77 1 pF-1nF £0.06, 1n2-2n7 £0.09, SPDT Toggle £0.60 
7aLs173 «£0.24 doce «= eeSBBCI09_—- £0.14 BC557C_ £0.08 IRF740 = £1.63 RC 3n3-4n7 £0.12, SPDT CO Tog £0.64 
re ease BC109C £0.15 BC558C £0.08 MJ11015 £2.11 10n & 12n £0.06 POT Tousin £0.68 
0. 4060 £0.31 BC114 £0.41 BC559C £0.08 MJ11016 £2.11 TBA820M_ £0.39 : O99 : 
74LS175 £0.24 4063 £0.29 BC115 £0.41 BC560B £0.09 MJ2501 £1.60 TD Polystyrene 160V 5% 47pF to 10nF DPDT CO Toggle £0.76 
A2030 £1.35 
74LS190 £0.25 4066 £0.18 BC116 £0.41 BC637 £0.21 MJ3001 £1.52 T1061 £0.35 47p-2n2 £0.09, 2n7-10n £0.12 DPDT CO Toggle 
vAlstee 034 dose> «E04 Erle” eee Gees Goat (MEE FO Toes «| 0.82 D CONNECTORS DPDT CO Toggle cigs 
: BC639 21 J 
74LS193 £0.24 4069 £0.20 BC134 £0.36 BC640 £0.21 MPSA13 £0.12 TLO64 £0.46 (biased 1 way) £1.20 
74LS195 £0.24 4070 £0.17 BC135 £0.36 BCY70 £0.21 MPSA42 £0.17. TLO71CP £0.32 DPDT mini slide £0.15 
74LS196 £0.24 4071 £0.20 BC140 £0.25 BCY71 £0.20 MRF475 £6.21 TLO72CP £0.34 Rotary Wafer 1 P-12W, 2P-6W, 
74LS197 £0.24 4072 £0.17  BC141 £0.27 BCY72 £0.20 TIP121 £0.35 t074cN £0.48 3P-4W, 4P-3W £0.78 
74\S20 £0.16 4073 £0.17 BC142 £0.31 BD135 £0.20 TIP122 £0.37 5,48, pages Key Switch SPST £2.70 
74LS21 £0.14 4075 £0.17 BC143 £0.34 BD136 £0.20 TIP125 £0.37 Push to make £0.25 
J4L$22 £0.14 4076 £0.30 BC149 £0.12 BD137 £0.22 TIP127 £0.37 TLO82CP £0.34 9 Way plastic cover £0.30 Push to break £0.24 
548221 £036 4077 £0.17 BC154 £0.36 8BD138 £0.22 TIP132 £0.46 TLOS4cN £0.46 15 Way plastic cover £0.33 Latching Push Sar £0.58 
5418240 £0.32 4081 £0.14 BC157 £0.12 BD139 £0.23 TIP137 £046 A733 £0.64 ald epee ee PCB Tact 6 x 6mm £0.25 
74LS241 £0.32 4082 £0.17 BC159 £0.12  BD140 £0.24 TIP142 £1.06 winoo04 £0.48 oy Eee SOE 
ise moe ee ace Be oe Be ee. Ge me oo SRT 
valso4a FOa2 ©4089 «0.55 BCI70B« £0.16 BD166 ©= £0.35.“ TIP29C_ «£0.31 ZN425E = £4.68 RECTIFIERS esc hy aa tA cli git 
5418245 £033 4093 £0.15 8BC171 £0.11 BD187 £0.39 TIP3055 £0.63 ZN426E £2.61 woos 1.5A50V nie 5 eries 
' 4094 £0.31 BC171B £0.16 BD201 £0.40 TIP30C £0.31 7ZN427E £8.82 “25 —0.25W 1% MF E24 Series £1.72/100 
74LS8247 £0.32 4088 = £0.35" BCI72, «£0.13 -BD202. «£0.40. «*TIP31G.~— «£0.32 meth Ferg W021.5A 200V £0.20 POTS Log or Lin 470R — 1MO 25mm dia 0.25i 
yatsoey £024 4097 «£1.20 BCI72B £0.13 BD203 © £0.40 TIP32C_—«£0.32 ZN435E £5.31 O32 3A 200V £0.36 AEGETS Enclosed H — 
7418258 £024 4098 £0.31 BC177 £0.17 BD204 £0.40 TIP33C £0.72 : BR62 6A 200V £0.64 rae 100R 1 M O04 6W £0.15 
: 4099 £0.38 ‘BC178 £0.17 BD222 £0.40 TIP41A £0.36 ZN448E £7.92 1004 10A 400V £1.39 fl ~ : 
7ALS26 £0.14 4502 «£0.38 «BCI79 «= £0.17 BD225 £0.42 TIPA2C = £0.38 Cee ety 64) 
74LS266 £0.14 or Vert - 
4503 £0.31 8C182 £0.08 BD232 £0.38 TIP47 £0.48 
Mia fo ise fom Se, Be oy ee es oe DIODES 
74LS279 =£0.25 4511 £0.29 8C183 £0.08 BD240B £0.37. \VN1OKM £0.44 8Pin £0.07 HM103S ANALOGUE METER Zener Diodes 2V7-33V 
74LS30, £0.14 4ein = gg'31-SBC183L_ Ss £0.08 +§=69BD243B «= £0.50 = VN66AF £1.50 14 Pin £0.11 19 ranges (inc 10Adc), fuse & diode protection, BZY88400Mw £0.08 
Leper : ae 4514 £0.73 8C183LB £0.08 BD244A £0.53 ZTX300 £0.16 16Pin £0.15 _ battery test, shock resistant tilted case, mirrored scale, | BZX85 1.3W £0.14 
Up re £021 4515 £0.78 BC184 £0.08 BD246 £1.06 ZTX500 £0.16 jigpin £0.15 supplied with battery, leads & instructions. 1N4001 £0.06 
3, 4516 £0.31 TRIACS 20 Pin LONG! Pi Tn £11.47 1n4002 £0.07 
74L$368 £0.21 THYRISTORS 
‘aiea7, foaa 4018 «(£0.27 24 Pin £0.19 4C2020S ANALOGUE METER 1N4003 £0.07 
. 4520 £0.26 2ZO0105DA £0.42 PO102AA £0.30 28 Pi £0.22 20 Ranges (inc 10Adc), fuse & diode protection, 1N4004 £0.07 
74LS373 £0.32 4521 £0.62 TIC206D £0.65 TIC106D £0.40 dy ' transistor & diode tester, polarity reverse switch, high : 
74LS374 = £0.32 4526 = £0.40 = TIC226D £0.73 TIC116D £0.66 40 Pin £0.25 — impact shock resistant case. Supplied with battery, 1N4005 £0.07 
74LS375 «£0.34 4597 ~3= £0.39 BTAO8-600B £0.84 Tictzeo: £0.97 leads, stand & instructions. 1N4006 £0.08 
een pe 4528 £0.40 TIC236D £0.96 : Dim. 150 x 102 x 45mm £18.45  1N4007 £0.08 
HYTO7 LOGIC PROBE 1N5400 £0.09 
74LS390 £0.25 = 4534 £2.24 VOLTAGE T2 Box 75 x 56 x 25mm £0.82 — Stockists of the full enlargement, pulse detection down to 25nsec, max 1N5402 £0.09 
74LS393 £0.24 84536 «= £1.00 FRSeSwGwelsta 9 13 Box 75x51 x 25mm £0.82 range of Velleman kits. freq. 20MHz. Supplied with full instructions. £7.72 
atpee ed nip ed 4538 £0.37 T4Box111x57x22mm £0.98 NEW1992-93 MX190 DIGITAL METER 1N5404 £0.11 
: 4541 £0.31 78105 £0.24 = MB1 Box 79x61x40mm £1.44 catalogue now 19 ranges, 3.5 digit 12mm LCD, signal injector, diode  1N5406 £0.11 
74LS40 = £0.14 4543, £0.46 = 78L12 £0.24 = =4B2 Box 100x76x41mm £1.56 available, send SAE for test, fuse protection, auto polarity & zero, supplied 1N5407 £0.14 
74LS42 £0.25 4555 £0.34 78L15 £0.24 your copy. (A.5). with battery, leads & instruction manual. 1N5408 £0.15 
74\847 £0.42 4556 £034 79L05 £0.28 . MB3Box118x98x45mm £1.82 Dim. 126 x 70 x 24 £14.73 
74LS51 £0 14 4560 £1 ‘1 8 79L12 £0.28 MB5 Box 1 50 x 100 x 60mm £2.50 sige : . sible . 1N914 £0.06 
ee Lb ae M2315B DIGITAL METER 1N916 £0.06 
ace NY ao Han. BOR 3 ELECTROLYTIC RADIAL CAPACITORS V7 Ranges (inc 10 Ade), 8.5 digit }2mm LCD diode = -anaiag £0.05 
74LS73 £0.17 4572 £0.25 7805 £0.28 2 test, buzzer, auto polarity & zero, over-range & low bat : 
74LS74 = £0.19 4584) = £0.24 «= 7812 £0.28 63V 100V 450\ indication, supplied with battery, leads & instructions. | BY133 £0.13 
ei Ag ; 4586 £0.32 bth a : a 16V 25V ae. ae Dim. 130 x 72 x 33mm £23.40 OA47 £0.28 
= = o TL34 DIGITAL METER OA90 £0.07 
74LS83 £0.31 40106 £0.31 La abd 1.0 = “= ree ape aap 33 Ranges (inc 20A ac/dc) PTC & fuse protection, 5 OA91 £0.10 
74LS85. £0.35 40109 £0.50 : 2.2 = = 0.05 , “ag capacitance ranges, transistor test. 3.5 digit large £0.27 
74LS86 £0.20 63 £ LM317T £0.44 47 - - £0.05 £0.08 £0.30 ch ti OA202 0.2 
. 40163 0.46 LM723 £0.29 08 £0.48 24mm display. Heavy duty case with tilt stand. BA157 £0.10 
74LS90 §=©£0.23 40174 = £0.34 200CV F1. 10 £0.05 £0.05 £0.06 £0. : Supplied with battery, leads & instructions. : 
J4.S92 £0.35 1715 £ L200 16 22 £0.05 £0.05 £0.09 = ~ + BA158 £0.10 
74LS93 £0.25 = 40193 £0.60 (yyaagK £5.52 100 £006 £009 £0.11 ~ - HC213 ANALOGUE METER BA159 £0.10 
220 £0.09 £0.12 £0.31 _ _ 12 ranges, diode protection, mirrored scale, 2mm 1N4149 £0.06 
E yee DB) elaehbl aie. 470 £0.1 5 £0.1 9 £0.57 _ _ _ ~— sized, supplied with battery & O0A200 £0.10 
a - _ _ instructions. 
WIRE 5mm Red LED £0.09 1000 a nn : : Dim. 90 x 60 x 30mm £6.17 
5mm Green LED £0.10 4790 = £1.11 - - = 
All 20z Reels 5mm Yellow LED £0.10 
14SWG = £0.63. 5mm Orange LED £0.10 ELECTROLYTIC AXIAL CAPACITORS ORDERING INFORMATION 
16SWG £0.67 3mmRed LED £0.08 ; 
18SWG £0.67 3mmGreenLED £0.12 uF 16V -25V.— ss B3V-— 1000 4550V All prices exclude VAT. 
20SWG £0.72. 3mm Yellow LED £0.13 0.47 - - - £0.15 - Please add £1.25 carriage to all orders and VAT (17.5%). 
22SWG £0.76 3mm Orange LED £0.13 1.0 - “ £0.10 £0.10 £0.19 he 
g ‘en: 22 = “ £0.10 £0.10 £0.22 No minimum order charge. 
24SWG = £0.80 5mm Flashing Red £0.50 47 7 £0.09 £0.10 £0.10 £0.34 beat , 
26 swe = 5mm Flashing Green £0.54 49 - £012 £012 £012 £0.48 Free Computer listing with all orders over £5.00. 
28S 5mm Bi Colour £0.36 22 - £0.09 £0.13 £0.17 £1.06 
30SWG £0.93. §mm Tri Colour £0.48 47 £0.10 £0.11 £0.16 £0.20 £1.33 Please send payment with your order. 
32SWG £0.93 5mm Plastic Bezel £0.04 1 00 £0.10 £0.13 £0.21 i £2.46 Nes PO/Cheques made payable to (xy 
34SWG £0.89 3mm Plastic Bezel £0.06 170 £0.21 £024 £069 - : : oh ESR Electronic Components _ VISA 
36SWG =£1.04 0.3” 7 Segment Display Red 1000 £033 £040 £1.05 7 7 ifthe, HR, : 
38SWG £1.10 common anode £1.14 5909 £052 £0.64 a 7 7 Access & Visa cards accepted 
40SWG = £1.22 common cathode £1.14 4700 £0.90 8 - ‘ 4 Offical orders from schools & colleges welcome. 
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SUCCESS 


Success breeds success as they say and our first combined issue of Everyday 
with Practical Electronics (last month) has certainly been a success, so much so 
that this issue is even bigger. In an effort to get everything in we have produced 
our biggest ever issue. Eighty-eight pages of magazine plus sixty-four pages of 
catalogue. We even had to ask Bull Electrical to accept thinner than normal paper 
for their catalogue so that we could bind all the pages together and have a big 
enough cover to fit around it. 

In short, we believe this is the best value ever hobby electronics magazine and we 
will try to keep it going in that direction. Of course our advertisers have recog- 
nised the value of our increased circulation and that also means more of their 
interesting advertisements and a very wide range of products for you to choose 

from. 


TEACH-IN ‘93 


Our new Teach-In ’93 has also kicked off to an excellent start and we have had so 
many requests for the Mini Lab p.c.b. that there has been a delay in sending them 
out. If you had to wait for yours we are sorry but hopefully, by the time you read 
this, we will have caught up to our normal seven day turnaround. 

Teach-In also upset some readers — see the Readout letters page — and we 
apologise for that. No excuses but the offending mnemonic is widely used in 
education and was suggested by someone in that profession. 


TOPICAL 


In view of the recent UK coal mine closures and the subsequent debates and 
manoeuvres our A/ternative Energy series makes interesting reading. This month’s 
part puts the whole field of energy production into perspective and also gives some 
interesting figures on nuclear pollution, etc. 

I certainly have gained some knowledge from the series and found it informative 
reading. I’m only sorry that we have had to omit a few interesting photos from the 
last two parts due to lack of space. There were, in fact, so many photographs 
available of wind farms, solar power stations, etc., that we could easily have filled 
the whole magazine with them. It just shows how much is going on in this field 
that many of us are unaware of. 











SUBSCRIPTIONS 
Annual subscriptions for delivery direct to any 
address in the UK: £20. Overseas: £26 (£43. 50 


airmail). Cheques or bank drafts (in £ sterling only) 
payable to Everyday with Practical Electronics and 
sent to EPE Subscriptions Dept., 6 Church Street, 
Wimborne, Dorset BH21 1JH. Tel: 0202 881749. 

Subscriptions start with the next available 





issue. We accept Access (MasterCard) or Visa pay- 
ments, minimum credit card order £5. 


BACK ISSUES 

Certain back issues of EVERYDAY ELECTRONICS 
and PRACTICAL ELECTRONICS are available price 
£2.00 (£2.50 overseas surface mail) inclusive of 
postage and packing per copy — £sterling only 
please, Visa and Access (MasterCard) accepted, 
minimum credit card order £5. Enquiries with remit- 
tance, made payable to Everyday with Practical 
Electronics, should be sent to Post Sales Department, 
Everyday with Practical Electronics, 6 Church Street, 
Wimborne, Dorset BH21 1JH Tel: 0202 881749. In 
the event of non-availability one article can be 
photostatted for the same price. Normally sent within 
seven days but please allow 28 days for delivery. We 
have sold out of Jan, Feb, Mar, Apr, June, Oct, 
& Dec. 88, Mar & May 89 & Mar 90 Everyday 
Electronics and can only supply back issues 
from Jan 92 to Oct 92 of Practical Electronics. 


BINDERS 

Binders to hold one volume (12 issues) are available 
from the above address for £5.95 (£6.95 to European 
countries and £8.00 to other countries, surface mail) 
inclusive of post and packing. Normally sent within 
seven days but please allow 28 days for delivery. 
Payment in £ sterling only please. 
Visa and (MasterCard) accepted, mini- 
mum credit card order £5. Send card number and 
card expiry date with your name and address etc. 
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READERS’ ENQUIRIES 

We are unable to offer any advice on 
the use, purchase, repair or modification 
of commercial equipment or the incor- 
poration or modification of designs pub- 
lished in the magazine. We regret that we 
cannot provide data or answer queries 
on articles or projects that are more than 
five years old. Letters requiring a per- 
sonal reply must be accompanied by a 
stamped self-addressed envelope or a 
self addressed envelope and interna- 
tional reply coupons. 

All reasonable precautions are taken to 
ensure that the advice and data given to 
readers is reliable. We cannot however 
guarantee it and we cannot accept legal 
responsibility for it. 


COMPONENT SUPPLIES 

We do not supply electronic com- 
ponents or kits for building the projects 
featured, these can be supplied by adver- 
tisers. 

We advise readers to check that all parts 
are still available before commencing any 
project in a back-dated issue. 

We regret that we cannot provide data 
or answer queries on projects that are 
more than five years old. 


ADVERTISEMENTS 

Although the proprietors and staff of 
EVERYDAY with PRACTICAL ELEC- 
TRONICS take reasonable precautions to 
protect the interests of readers by ensuring 
as far as practicable that advertisements are 
bona fide, the magazine and its Publishers 
cannot give any undertakings in respect of 
statements or claims made by advertisers, 
whether these advertisements are printed as 
part of the magazine, or are in the form of 
inserts. 

The Publishers regret that under no 
circumstances will the magazine accept 
liability for non-receipt of goods ordered, or 
for late delivery, or for faults in manufac- 
ture. Legal remedies are available in respect 
of some of these circumstances, and readers 
who have complaints should first address 
them to the advertiser. 


TRANSMITTERS/BUGS/TELEPHONE. 
EQUIPMENT 

We would .Ke to advise readers that cer- 
tain items of radio transmitting and tele- 
phone equipment which may be advertised 
in our pages cannot be legally used in the 
UK. Readers should check the law before 
using any transmitting or telephone equip- 
ment as a fine, confiscation of equipment 
and/or imprisonment can result from illegal 


"use. The laws vary from country to country; 


overseas readers should check local laws. 
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Constructional Project 


UNIVERSAL 
REMOTE CONTROL 











CHRIS WALKER = 


One for the experimenter. 
Has been designed to be adaptable 
to almost any control requirement. 


of numerous electronic control and 

measurement systems, both on a 
personal level and when assisting Technol- 
ogy students, the author has frequently 
encountered projects which require the use 
of a remote control facility. 

Some of the applications which spring to 
mind are: remote control of a free-run- 
ning robot buggy; security lock systems; 
remotely controlled garage doors; remote 
entry of data into a personal computer; 
remote control of household appliances 
etc. Needless to say that readers could 
suggest countless more uses. 

Quite often, all the different applications 
have a common remote control theme run- 
ning through them, namely the need for a 
hand-held transmitter unit featuring one or 
more keys transmitting a short distance 
(some metres) to a receiver unit which indi- 
cates which key on the transmitter has been 
pressed and activates other parts of the 
system. 

Since the transmitter/receiver remote 
control sections of the various different 
systems are all essentially identical, the 
author thought that it was high time to 
design a Universal Infra-Red Remote 
Control unit which could be adapted to a 
diverse range of uses. This article describes 
such a “drop-in” unit and applications are 
limited only by readers’ imagination. 


SPECIFICATIONS 


The entire Versatile Infra-Red Remote 
Control system is designed around three 
integrated circuits produced by GEC 
Plessey Semiconductors. Use of such 
advanced i.c.s greatly simplifies construc- 
tion yet results in a flexible and powerful 
remote control facility. 

The handheld Transmitter can feature 
between one and thirty-two keys depending 
on the application requirement. Data may 
be transmitted at three different rates and 
will only be decoded by a receiver set to an 
identical data rate. 

It is, therefore, possible to send 32 dif- 
ferent codes to three different receivers in 
one room, a total of 96 code combina- 
tions. This powerful feature will probably 
far exceed the demands of most applica- 
tions. 


Hyer: been involved in the design 
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Standby transmitter current consump- 
tion, when no keys are pressed, is less than 
one microamp and the PP3 battery should 
give an extensive working life. 

In the Receiver unit, which is operated 
from a power supply of between 5V and 
25V, the infra-red (IR) data picked up 
from the Transmitter is amplified using a 
specially designed integrated circuit. The 
benefits of using a custom amplifier i.c. for 


Table 1: Decmal/Binary Codes 


Decimal Binary 
0 00000 
1 00001 
2 00010 
3 00011 
4 00100 
5 00101 
6 00110 
7 00111 
—68 01000 

9 01001 
10 01010 
11 01011 
12 01100 
13 01101 
14 01110 
15 01111 
16 10000 
17 10001 
18 10010 
19 10011 
20 10100 
21 10101 
22 10110 
23 10111 
24 11000 
25 11001 
26 11010 
27 11011 
28 11100 
29 11101 
30 11110 
31 11111 












~ 


this job (rather than discrete transistors) 
are enormous: apart from simplifying con- 
struction, the receiver can reject a large 
amount of electrical and IR noise. Opera- 
tion is possible in bright sunlight (impor- 
tant for external use) and also in rooms 
illuminated with artificial lighting. 

The latter often causes a problem be- 
Cause mains-operated incandescent lamps 
(i.e. light bulbs) generate hugh amounts of 
infra-red radiation which flickers at a rate 
of 100Hz. If this flicker was not rejected by 
the IR amplifier it would swamp the weak 
IR pulses from the Transmitter unit. 


IN CODE 


The data output from the Receiver is in 
the form of a 5-bit binary code, see Table 1. 
Each output line can either be at OV (logic 
0) or +5V (logic 1) and the code on the 
output signifies which of the 32 possible 
keys on the Transmitter has been pressed. 

This binary-coded output is ideal if the 
Receiver is to be interfaced to a computer 
or other digital device. In addition, there is 
a Data Ready output which can be used to 
signal to a computer that a valid transmis- 
sion code is being received. The 5-bit out- 
put from the Receiver is tri-state and can be 
switched to high impedance (switched off) 
if necessary. 

For more basic applications, this article 
terminates with a selection of circuits which 
will decode the binary output to provide 
individual off/on control of up to 32 ap- 
pliances. The degree of complexity can be 
tailored to suit the desired application. 


TRANSMITTER 
CIRCUIT 


The circuit diagram for the handheld in- 
fra-red Transmitter is shown in Fig. 1. 

The 32-switch keypad is wired as an 
eight-by-four matrix. Fig. 2 shows an ex- 
ample of how five switches can be wired to 
send codes 1, 2, 4, 8 and 16 (this is a 
particularly useful set of codes for simple 
applications as will be seen later). 

When a key is pressed, one row of the 
matrix is connected to one column. ICI 
detects which row/column pair are shorted 
together and transmits the relevant code. 

For example, pressing key “1” connects 
pin 9 on ICI to pin 12. Pressing key “16” 
connects pin 5 on ICI via resistor R1 to 
+ 9V. In order to transmit code “26” pin 3 
must be shorted to pin 11, and so on. Con- 
structors can build up their own keypads to 
transmit a particular set of codes needed 
for their application. 
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Once the row/column decoder within IC] 
has sorted out which key has been pressed 
the data is transmitted serially from pin 1. 
Pulse position modulation (p.p.m.) is used 
to encode the five-bit binary word. Fig. 3 
shows the form of the p.p.m. signal for 
when key “‘9”’ is pressed. 

Each pulse is typically 20us wide and 
























a short delay between pulses encodes a 0 a re Ne 
logic 1 whilst a slightly longer gap signifies - Ss 6. 
a logic 0. Each word is preceded by a pears 
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synchronisation gap. 
The data stream is transmitted con- 
















tinuously whilst the key is held down and, Ate Ret 
when released, the Transmitter will com- 20 ent 
plete the current word before powering- it aet%, 






down again. The Receiver will not respond 
until it receives two consecutive and identi- = ||_ —f Peregetegetner 
cal words, thus reducing the chance of 
responding to corrupted data. 


Ww 
So 
















Fig. 1. Circuit diagram for the handheld Transmiter. 


The p.p.m. pulses from IC1 pin one are fed into the gate of the MOSFET 
transistor TRI. When switched on, the MOSFET exhibits a very low resis- 
tance between drain and source and a large current flows through the infra- 
red emitting diodes D1 and D2. The one ohm resistor R2 limits the pulsed 
diode current to a safe level. 

Capacitors C3 and C4 decouple the power supply lines to help smooth 
out the glitches produced when large current pulses are fed through the IR 
diodes D1 and D2. 











KEY 9. KEY 
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ONE WORD 





Fig. 3. The p.p.m. timing pulses 
when /C7 is set to “medium” 
| transmission rate. 









Fig. 2. Matrix keypad arrangement. 


DATA RATE 


The inter-pulse gap periods shown in 
Fig. 3 are applicable with ICI set to its 
‘‘medium”’ data transmission rate. Links 
LK1 and LK2 on the Transmitter circuit 
board allow the constructor to set one of 
three different rates as shown in Table 2. 





Table 2: Setting the Data Rate 


RateInputB  RateInputA Data Speed 
Link LK2/LK4 Link LK1/LK2 


Logic 0 Logic 0 Output OFF 
Logic 0 Logic | Slow 
(90ms/word) 
Logic 1 Logic 0 Medium 
' (45ms/word) 
Logic 1 Logic 1 Fast 
(22ms/word) 


NOTE: On the Transmitter, Logic 0=0V 
Logic 1= +9V 


If it is likely to be necessary to change 
the data rate during use, links LK1 and 
LK2 could be replaced with two single-pole 
changeover switches. 

The timing signal for the circuit is 
derived from an inexpensive S00kHz 
ceramic resonator X1 and capacitors Cl 
and C2. A similar arrangement is used in 
the Receiver. 
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Fig. 4. Complete circuit diagram for the Receiver, including the voltage regulator !C4. 


RECEIVER 
CIRCUIT 


The circuit diagram for the Receiver and 
decoder is shown in Fig. 4. The IR pulses 
from the Transmitter are picked up by the 
photodiode D3 and the resulting current 
pulses through the diode are processed by 
amplifier [C2. 

Capacitors CS and C6 control the fre- 
quency dependent gain of a gyrator circuit 
within IC2. The gyrator only significantly 
amplifies the short pulses of infra-red data 
but ignores continuous background IR 
such as sunlight or room lighting. 

Following the gyrator are three stages of 
amplification with decoupling capacitors 
C7, C8 and C9 which de-sensitise the 
amplifiers low frequency infra-red varia- 
tion such as 100Hz lamp flicker. Capacitor 
C10 governs the automatic gain control 
which assists operation under “noisy” 
conditions. 





The processed data emerges from JC2 at 
pin 9 and is routed directly to the p.p.m. 
data input (pin 1) of the decoder, IC3. 

In likeness to the Transmitter circuit, 
ceramic resonator X2 and capacitors C12 
and C13 form a 500kHz oscillator. Resistor 
R3 is used as a “damper” to prevent X2 
oscillating at harmonics of its fundamental 
frequency. 

The rate inputs A and B (links LK3 and 
LK4 respectively) should be set to match 
the Transmitter. Note that, unlike the 
Transmitter, leaving a link disconnected on 
the Receiver sets that rate input to a logic 
1. Once again, switches may replace all 
these links if desired. 

Once two valid data words have been 
received the five-bit data is placed on 
the five output lines (IC3 pins 11 to 
15), Output A (least significant bit) to 
Output E (most significant bit). After a 
short delay (about 4s) the Data Ready 
line (pin 10) drops to logic 
0 and stays low as long as 
valid data is being received. 
All outputs are compatible 
with TTL and CMOS logic 
levels. 


OPERATING 
MODE 


When data _ transmission 
stops, Data Ready goes high 
again and the five data 
outputs will behave in one of 
two ways. 

a) If link LKS is set to logic 
1 (momentary mode), the 
outputs will all return to 
OV. 


b) If link LKS is set to 
logic 0 (latched mode), 
the outputs will remain 
latched to the last valid 
code received and will not 
change until a new code is 
received. 

Light emitting diodes D4 
and D9 indicate the logic 
states of the outputs and, 
although their presence is 
not essential, it is recom- 
mended that they are 
included as they greatly aid 
setting-up and fault tracing. 


In “‘latched mode” the data outputs may 
be reset to OV at any time by briefly taking 
IC3 pin 2 to OV. Capacitor Cll provides a 
reset pulse during power-up. 

The tri-state outputs (A to E) may be 
put into a high impedance state by taking 
IC3 pin 9 to a logic | level. The ability to 
isolate the output lines makes it easy to 
interface them directly to a microproces- 
sor bus where it is important that they do 
not clash with other devices serving the 
bus. For ‘‘normal’’ use, link LK6 enables 
the outputs continuously by tying pin 9° 
to OV. 


RECEIVER 
POWER SUPPLY 


The power supply requirements for IC3 
calls for a well regulated +5V rail and 
this is supplied by the voltage regulator 
IC4. The input voltage to IC4 should lie 
in the range + 7V to +25V. Current con- 
sumption of the Receiver circuit rises to 
about 60mA when ail |.e.d’s are switched 
on. 

Capacitors Cl4 and C15 decouple 
and stabilise the +5V supply rail and 
capacitor C16 helps to stabilise I1C4. If a 
clean, regulated 5V source is already 
available in the main system in which the 
Receiver is being used then IC4 and C16 
may be omitted and the Receiver can be 
supplied with power directly onto its +5V 
rail. 


CONSTRUCTION 
- TRANSMITTER 


Thanks to the use of dedicated in- 
tegrated circuits to perform the complex 
functions of data encoding and decoding 
and signal processing, the construction of 
the Transmitter and Receiver sections is 
very straightforward. 

The Transmitter and Receiver printed 
circuit board (p.c.b.) component layouts, 
along with the full size copper track pat- 
terns, for the Universal Infra-Red Remote 
Control are shown in Fig. 5 and Fig. 6. 
These two boards are obtainable, as a 
pair, from the EPE PCB Service, codes 
811T and 811R. 

Commence construction with the Trans- 
mitter p.c.b. Solder all the components to 
the board, paying attention to the polarity 
of the electrolytic capacitor C4. Similarly, 
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transistor TRI must be inserted the correct 
way round as must the two infra-red diodes 
D1 and D2 (details given in Fig. 5). 

In the prototype unit these two diodes 
are soldered directly to the p.c.b. and their 
lenses protrude through the end panel of 
the plastic case which houses the entire 
Transmitter. This anchorage helps to sup- 
port the circuit board within the case. 

Use an 18-pin d.i.l. socket for IC1, do 
NOT solder the i.c. directly to the board, 
and do NOT insert the i.c. into its socket 
until all construction work is complete. 

Use p.c.b. terminal pins for all flying 
lead connections, that is connections to the 
keypad and to the battery clip for B1. It is 
also convenient to make the links LK1 and 
LK2 between terminal pins as they can be 
changed at a later date. 

At this stage, decide which data trans- 
mission rate to use (see earlier in text) and 
solder link LK1 to set the Rate A input of 
IC1 to either +9V (logic 1) or OV (logic 
0). Do similar with the Rate B input using 


D2 D1 


FLAT EDGE —— 


Bi —VE 
B1i+VE 


KEYPAD 
ROWS 


KEYPAD 
COLUMNS 





link LK2. The links may be replaced with 
changeover switches if regular alteration 
of the data rate is anticipated. 


KEYPAD CASE 


The actual type and size of case used 
depends on the number of keys to be 
crammed onto the front panel. Construc- 
tors can create their own keypads from 
discrete switches wired to give the required 
set of transmission codes or it may be more 
convenient to buy one of the numerous 
types of matrix-wired keypads available, 
ranging from the ‘‘telephone style” pad to 
the “‘rubber membrane” type which can be 
customised with your own logos. 

The prototype model uses one of the low- 
cost telephone style keypads, with numeric 
keys 0 to 9. It should be noted that, because 
the keypad is only three columns wide, and 
since it is pre-wired in a matrix fashion, the 
transmitted codes do not correspond to the 
numbers on the keys (see Fig. 2). 

The “ON” resistance of the keypad 


IR Transmitter 


, BeaabeEE 


Fig. 5. Printed circuit board component layout, lead-off wiring and full 
size underside copper foil master pattern for the hand-held transmitter. 
The completed transmitter, the position of the p.c.b. and the ribbon cable 
from the board the the keypad can be seen in the photograph below. 
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switches can be anything up to 20 kilohms, 
so the switches used do not need to be 
particularly high quality! 

If you possess an oscilloscope or a logic 
probe, you can test the completed Trans- 
mitter circuit by connecting the probe be- 
tween the OV line and the “drain (d)”’ ter- 
minal of transistor TR1. You should ob- 
serve a potential of about 6V which, when 
a keypad switch is pressed, pulses down to 
almost 0V showing an inverted version of 
the type of p.p.m. data illustrated in Fig. 3. 


CONSTRUCTION 
- RECEIVER 


The receiver printed circuit board com- 
ponent layout and track pattern is shown 
in Fig. 6. Once again, assembly of this 
board is very straightforward and the com- 
ponents can be inserted in any convenient 
sequence. 

Use two 16-pin d.i.l. sockets for IC2 and 
IC3, the voltage regulator IC4 can be sol- 


COMPONENTS 


| Transmitter & Receiver 


Resistors 
R1 10k 
R2 1 
R3 4k7 
R4to R9 270 (6 off) 
All 0:-25W 5% carbon 
(or better) 


SHOP 
TALK 


Capacitors 
Oy Pa ee # 
C12,C13 100pF ceramic (4 off) 

C3,C11 O11 polyester (2 off) 
100p radial elect., 25V 
6.8 tantalum bead, 16V 
47, radial elect., 25V 
15n polyester 
33n polyester 
4n7 polyester 
Ou.15 polyester 
22 radial elect., 25V 
Ou.47 polyester 
Ou.22 polyester 


Semiconductors 
D1,D2 High power infra-red 
emitters (2 off) 
D3 Infra-red sensitive 
photodiode 
D4 Green l.e.d. 
D5 to DY Red |.e.d. (5 off) 
TR1 VN10KN n-channel 
MOSFET 
1C1 MV500 transmitter 
iCZ SL486 IR amplifier 
—1C3 MV601 receiver 
IC4 78L05 5V 100mA voltage 
regulator 
X1,X2 500kHz ceramic resonator 
(2 off) 


Miscellaneous 

B1 9V PP3 battery and clip for 

. transmitter 

Single-pole push switches for keypad 
or ready-made membrane keypad etc.; 
suitably-sized case for transmitter; 16- 
pin d.i.l. sockets (2 off); 18-pin d.i.l. 
socket; terminal pins; connecting wire; 
solder, etc. 


Printed circuit board for Transmitter 
(811T) and Receiver (811R) available 
from the EPE PCB Service as a pair. 
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POWER 
SUPPLY 


IR Receiver 


CATHODE MARKED 
BY FLAT EDGE 


OUTPUTS 


Fig. 6. Receiver and supply regulator printed circuit board component layout, full size underside 
copper foil master pattern and lead-off wires. 


dered directly to the board. The tantalum 
bead capacitor CS and the two electrolytic 
capacitors C6 and C14 must all be inserted 
the correct way around; pay careful atten- 
tion to the plus or minus markings on their 
cases. Similarly, the six light emitting diodes 
D4 to D9 have a small flat edge on their case 
which denotes the cathode (k) lead. 

The cathode lead of photodiode D3 needs 
to be soldered to the track connecting to pin 
1 of IC2. Methods of notating the cathode 
vary on different photodiodes so refer to the 
manufacturer or supplier for details. 

The infra-red amplifier (IC2) is very sensi- 
tive and to avoid excessive noise being 
picked up, the photodiode should be sol- 
dered directly to the board rather than being 
linked to the board with flying leads. When 
used in surroundings which are prone to 
electrical noise, the entire Receiver p.c.b. 
may need to be screened inside a metal 
box containing a small “window” to admit 
IR light to the photodiode. Screening was 
not found to be necessary when using the 
prototype unit. 

Insert terminal pins into the p.c.b. for all 
the off-board connections and for the links 
LK3 to LK6. The data rate links LK3 and 
LK4 should be soldered to match those set 
on the Transmitter. On the Receiver p.c.b., 
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leaving a data rate link disconnected sets that 
Rate input to logic 1. 

Link LK5 should be made between [C3 
pin 5 and OV for latched output mode, or 
pin 5 and +5V for momentary mode. Un- 
less the tri-state output feature is required, 
insert link LK6 to enable the outputs con- 
tinuously. 


TESTING 


Before inserting IC2 and IC3 into their 


sockets, test the voltage regulator on the 


Receiver p.c.b. by connecting a power sup- 
ply of between 7V and 25V to the Receiver 
board. Using a voltmeter, check the p.d. 
between the 0V and +5V terminal pins 
adjacent to the Receiver outputs; the read- 
ing should be close to 5V. 


If the voltage is significantly away from 
5V or if voltage regulator IC4 becomes hot, 
switch off and find your mistake! Do not 
insert the other two i.c.’s until they can be 
sure of a safe 5V supply. 


Remove power whilst inserting IC2 and 
IC3. When the completed circuit is 
switched on, only the ‘““Data Ready” |.e.d. 
(D4) should illuminate. It is worth re- 
checking the Receiver power supply with 
the chips now in their sockets; it should still 
be around 5V. 


: 3 # 
i : 
’ t 
' ' 
1 t 
1 i 
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Pressing a key on the Transmitter should 
cause the Data Ready l.e.d. to extinguish 
and the five output l.e.d.’s (D5 to D9) to 
display the binary code of the selected key. 
Voltage regulator IC4 may become warm 
when several l.e.d.’s are lit up together; this 
is normal. 

If the Receiver fails to respond to the 
Transmitter, check for obvious errors such 
as wrongly inserted i.c.’s or a flat Transmit- 
ter battery. Don’t forget that the selected 
data rate on the Transmitter must match 
that on the Receiver. Also, link LK6 must 
be made for the l.e.d.’s to light. 

An oscilloscope connected between the 
OV line and IC2 pin 9 should display the 
received p.p.m. data (see Fig. 3) after 
amplification. If there appears to be exces- 
sive background noise on this signal then 
screening of the Receiver p.c.b. may be 
necessary. 


OUTPUT 
CONSIDERATIONS 


This completes assembly of the Univer- 
sal Infra-Red Remote Control. What now 
follows are some suggestions for using 
the 5-bit Receiver output to control ap- 
pliances in various modes. No construc- 
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tional details are given, but it is hoped 
that these circuits will give constructors 
ideas for their own customised designs. 

It is suggested that the required out- 
put circuit is initially constructed on a 
prototype board (breadboard) linked to 
the IR Receiver. When its satisfactory 
function is assured, it can be built per- 
manently on p.c.b. or stripboard. 


CURRENT DRIVER 


Each output line from the MV601 
decoder (IC3) can supply a current of up 
to 45mA, 10mA is used to illuminate the 
output l.e.d., leaving 35mA to drive an 
external device. 

To power any respectable-sized output 
device, some form of current amplifier is 
needed. The transistor/relay combination 
shown in Fig. 7 is the easiest and safest 
method of achieving this. 

Two output drivers are shown, but the 
arrangement may be repeated for the 
number of outputs required. The 12V 
power supply is not exceptionally critical 
and does not need to be regulated. 

The contacts of each relay are used as 
switches to turn on and off the current to 
each output device. Low voltage devices 
can be powered from the 12V supply, or 
mains-operated devices can be switched 
provided the relay contacts are rated for 
such work. 

Take great care if you are dealing with 
mains voltages. Make sure that you fully 
understand what you are doing; if in doubt, 
get help from someone with the necessary 
experience. Mains electricity can kill! 

It is possible to independently control 
up to five appliances directly from the five 
output lines, A to E. Pressing key “1”’ on 
the Transmitter will make output A go 
high and turn on the relay connected to 
this output. Similarly, key “2” will make 
Output B go high; key “‘4”’ activates Out- 
put C; key “8” activates output D and key 
16” activates output E. Wiring details of 
the five-button keypad for this application 
are shown in Fig. 2. 

Furthermore, if two or more of these 
five keys are pressed simultaneously then 
the appropriate lines will still respond. 


Fig. 8. Using two 3-to-8 decoders to give 16 decoded 


outputs. 











Fig. 7. Suggested transistor/relay output switching circuit diagram. 


For example, pressing keys “*8”’ and “2” 
together will switch on Outputs D and B. 
Neat, eh ! 

Depending on the desired application, 
the outputs may be used in latched or 


‘momentary mode. 


OUTPUT 
DECODING 


If more than five separate outputs are re- 
quired then some degree of decoding is re- 
quired. 

The circuit diagram Fig. 8 shows how 
two 3-to-8 line decoders can be chained 
together to give sixteen independent out- 
puts. Only one output will go high at any 
one time depending on which key, from 0 
to 15, had been pressed on the Transmitter. 

If eight or less outputs are required then 
only one 74HCT238 i.c. is required. Fur- 
thermore, chaining in further 74HCT238 
chips will allow all 32 outputs to be 
decoded. This feat is left as a reader’s 
exercise! 

Every output from the decoder i.c.s will 
need a transistor/relay current switch as 
shown in Fig. 7 if they are to control ex- 
ternal appliances. The 5V power supply 
for the decoder i.c.s comes from the IR 
Receiver board. 


achieved. 
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OUTPUT 
TOGGLING 


It is often convenient to be able to switch 
an appliance ON with one press of a Trans- 
mitter key, and switch it OFF again with 
another press of the same key. This on-off- 
on switching is called “toggling” and the 
circuit of Fig. 9 shows one way of achieving 
it. 

Each box in the circuit is a J-K flip- 
flop and there are two such flip-flops in 
each 74LS73 integrated circuit. A separate 
flip-flop is required for every output to be 
toggled. The inputs to each flip-flop come 
either direct from outputs A to E on the IR 
Receiver p.c.b. (if five or less outputs are 
required) or from the 74HCT238 decoder 
i.c.s (if more than five outputs are needed). 

The Reset inputs on all the flip-flops are 
connected together and the Ol capacitor 
and 4k7 resistor provide a reset pulse at 
switch-on to put all outputs in the low (off) 
state. All outputs can be reset at any later 
time by momentarily pulling the Reset line 
down to OV. 

The 5V power supply originates from the 
IR Receiver board. For controlling exter- 
nal appliances, each toggle output will need 
buffering with the transistor/relay arrange- 
ment shown in Fig. 7. 


Fig. 9. Circuit diagram to enable on-off “toggling” to be 


74LS73 
Ck 


RESET 


a : 779 

















Fig. 10. Circuit to achieve oft/on latch- 
ing outputs. 


OFF/ON LATCHING 


Up to eight appliances can be latched 
OFF or ON with a separate OFF and ON 
key for each using a superb little 1.c. known 
as an addressable latch, see Fig. 10. 

The 74LS259 contains eight latches 
which are individually selected by the 
binary code on its Address inputs, Ao to 
A). If a logic | is present on its Data input 
then the addressed latch will switch ON, 
whilst a logic 0 on the Data input will 
switch the latch OFF. All outputs may be 
Reset at any time by momentarily taking 
pin 15 to OV. 

By using Outputs A to D directly from 
the IR Receiver p.c.b., 16 keys on the IR 
Transmitter will give OFF and ON control 
of the eight outputs from the addressable 
latch. The functions are: 


Key 0 Output 0 OFF 

Key | Output 0 ON 

Key 2 Output | OFF 

Key 3 Output 1 ON 

Key 4 Output 2 OFF 

Key 5 Output 2 ON 
CG 4. 


The 5V power supply for the latches 
originates from the IR Receiver board. 
For controlling external appliances, each 
latch output will need buffering with the 
transistor/relay set-up shown in Fig. 7. 


Fig. 11. Circuit diagram to enable the Universal /R Remote Control to be inter- 
faced with the Mains Appliance Remote Control! (MARC) system published in the 
June/Sept ‘90 issues. 


MARC 


In the June to September 1990 issues of 
Everyday Electronics, the author gave con- 
structional details of a Mains Appliance 
Remote Control (MARC) system. 

Unfortunately, since publication, two 
i.c.s involved with the infra-red remote 
control section have been discontinued 
because Plessey, the manufacturer, closed 
down one of their plants concerned with 
the manufacture of the ML926 and ML927 
decoders. 

However, for constructors who are still 
keen to make the MARC system (and the 


-author’s system is still in daily use), it is 


possible to interface the new Universal IR 
Remote Control into the existing MARC 
Encoder unit. The circuit diagram Fig. 11 
shows the interfacing technique using two 


CMOS ‘40109 logic level shifters and a 
74HC02 NOR-gate package. 

On the MARC Encoder p.c.b., all com- 
ponents concerned with the infra-red sec- 
tion (up to and including ICI and IC2) 
should be removed. The eight outputs from 
the logic level shifters in Fig. 11 are 
connected to the sockets of ICI and IC2 
(on the MARC Encoder) as indicated in 
Fig. 11. 


It is necessary to make a OV and +15V 
connection to the MARC Encoder p.c.b., 
but no connection should be made between 
+5V on the IR Receiver p.c.b. and +15V 
on the MARC Encoder p.c.b. 

On the new IR Transmitter unit (the old 
one is now obsolete) keys 1 to 15 select 
the “Receiver Number” and keys 17 to 31 
select the ““Function Code’’. O 
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EASY-PC PCB and Circuit Diagram CAD 


Forget using tapes and lightbox! Create your 
Circuit Boards using CAD - like the professionals. 


eRuns on PC/XT/AT etc. 
with Hercules, CGA, 
EGA or VGA display 
and many DOS 
emulations. 

eDesign Schematics 
Single and Double 
sided and Multilayer 
boards including 
Surface Mount. 

eStandard output 
includes Dot Matrix / 
Laser / Inkjet Printer, 
Pen Plotter, 
Photo-plotter and N.C. 
Drill. 

e Extremely powerful. 

| |@ Very easy to use. 


Over 13,000 Installations in 70 Countries Worldwide! 


Options:-500 piece Surface Mount Symbol Library £48, 
1000 piece Symbol Library £38, Gerber Import facility £98. 


DIGITAL ANALOGUE SMITH CHART CAD 
SIMULATION £195 SIMULATION £195 




















































EASY-PC 


Technical support 
is free, for life! 














£98.00! 


Plus P&P +VAT 
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e At last! A full featured Digital eNEW powerful ANALYSER Ill has | eZ-MATCH Il simplifies RF 
Circuit Simulator for less than full graphical output. matching and includes many 
£1000! e Handles R’s,L’s,C’s, Bipolar more features than the standard 

@PULSAR allows you to test your | Transistors, FET’s, OP-amp’s, Smith Chart. 
designs without the need for Tapped and Untapped eHandles transmission line 
expensive test equipment. Transformers, and Microstrip transformers, stubs, discrete 

e Catch glitches down to a pico and Co-axial Transmission Lines. | components, S Parameters etc. 
second per week! ePlots Input / Output Impedance, | eSupplied with many worked 

elncludes 4000 Series CMOS Gain, Phase & Group Delay. examples. 
and 74LS Libraries. 74HC/HCT | eCovers 0.001 Hz to >10GHz e Superbly easy to learn and use. 
libraries only £48.00 each. e For PC/XT/AT/286/386/486 with | eRuns on IBM PC/XT/AT/386/486, 

eRuns on PC/XT/AT/286/386/486 EGA or VGA. CGA,EGA,VGA. 
with EGA or VGA. e Very fast computation. eldeal for Education and Industry. 


For full information, Write, Phone or Fax:- e TECHNICAL SUPPORT FREE FOR LIFE! 
e PROGRAMS NOT COPY PROTECTED. 
Number One Systems Ltd. e SPECIAL PRICES FOR EDUCATION. 


REF: EVD, HARDING WAY, ST.IVES, HUNTINGDON, CAMBS, ENGLAND, PE17 4WR. 
Telephone: 0480 61778 (7 lines) Fax: 0480 494042 
International: + 44 -480-61778, Fax:+44-480-494042 ACCESS, AMEX, MASTERCARD, VISA Welcome. 
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A roundup of the latest Everyday News from the world of electronics 









Keep Your 
Distance 


SYSTEM that provides an 
optical or acoustic signal 
to indicate the distance 
between vehicles when parking 
would be a big help, especially to 
learner drivers. That is only 
one potential application for the 
Sharp GP2D02 Distance Sensor. 
Other conceivable uses include, 
for example, measurements of 
fluid levels inside closed vessels, 
automatic flushing for toilets, 
control of tools and machining 


operations for CIM systems, etc. 

The Distance Sensor functions as both, a 
proximity sensor and a distance measurement 
sensor, and is unaffected by the object colour or 
reflection ratio. An infra-red l.e.d., a position 
sensor and a signal-processing circuit are all 
integrated into a single module which is less 
than one-eighth the size of conventional com- 
ponents! 


How It Works 

The GP2D02 is based upon the principle of 
using a light-emitting diode to send out high- 
speed bursts of infra-red light so that objects 
lying within the beam of light (angle of disper- 
sion +3°) reflect part of the light back to a 
unique sensor developed by Sharp. 

The relationship between two currents in the 
position-sensitive detector changes as a func- 
tion of the angle of reflection, which is deter- 
mined by the distance between the object and 
the sensor. This change is monitored at various 
points, and the signal-processing circuitry uses 
this information to produce an 8-bit value 
which is also the average of the various input 
values. - 

This method permits a claimed accuracy to 
within +10% for distances between 4cm and 
30cm (Type 1) or 10cm to 80cm (Type 2). The 
measurement range can also be varied to meet 
customer requirements by changing optical 
components. 

The module consumes 7mA in the quick-charge 
mode and 4-5mA in the standard mode. The sen- 
sor switches to a stand-by mode in the absence 
of reflected light, and current consumption drops 
to 7A. The infra-red l.e.d. operates on voltages 
between 2:7V and 7V and the control circuit on 
voltages between 2:7V and 3:5V. 
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HOME AUTOMATION is in its 
early days — about the same stage as 
the micro computer in the early 
"80s. It offers a tremendous oppor- 
tunity for the enthusiast to con- 
tribute to progress in the same way 
as with micro computers. 

The current home environment is a 
mass of discrete systems, lighting, 
heating, security, audio/visual, just 
waiting to be linked to provide 
convenience, security and _ energy 
savings. Future home automation 
standards are under development 
(Echelon, CEBus) though almost all 
of today’s systems are based on the 
well established X-10 power line 
carrier standard. 

Smart House Systems offers free 
advice and an ever expanding range of 
products from X-10 lighting control 
modules at £19.95 to the Ener- 


Vout 


Signal Output) 


Signal Input) 


HOME AUTOMATION 


logic home automation controller at 
£349.95. 

Smart House Systems Ltd, Dept 
EPE, 3 Buckland Street, Largs, Ayr- 
shire KA30 8PP. Tel: 0475 672589 


BUILD YOUR OWN PC 


ORGANISERS of The Christmas 
Computer Shopper show, Blenheim, 
are hosting the UK’s first Build Your 
Own PC competition. The competi- 
tion will take place during the event 
from 19 to 22 November. 

Schools throughout London have 
been invited to put together teams for 
the competition. Each received a copy 
of the manual in advance and will 
compete under the guidance of their 
IT Master to build a PC in the fastest 
time. The winning team will keep the 
PC for their school. 





2) YeArRs COMPETITION 


THE little free competition we ran in the news pages of the October ‘92 
issue of EE resulted in a truly underwhelming response. Perhaps there are 
fewer readers that still have the first issue from 21 years ago than we 
expected. However, the three (yes three!) entrants each get a free Maplin 
catalogue and just to thank them all for taking the trouble we have also 
sent them a magazine binder each. 
The correct answers were: 
The first Teach-in was written by Mike Hughes 
The first Shop Talk was written by Mike Kenward 
(Yes indeed the present Editor, though | have had other jobs in the mean- 
time—-Ed.) | 
Our “lucky” prizewinners are: Mr S. E. Lartice from Enfield; Mr S. Keir from 
Dundee and Mr S. Carter from Portsmouth. 
See the Readout page (page 795) for another “‘little competition” this 
month! 
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Amateur 
of the Year ¥ ZF POWER 


HE Young Amateur of the Year award for 1992 has gone 
to 17 year old radio buff Martin Saunders (call sign 


G7JCJ) of Broadstone, Dorset. 


Martin was presented with the first prize 
of £250 by the Radiocommunications 
Agency’s Head of Mobile Radio, Stephen 
Spivey, at the recent Radio Society of Great 
Britain’s HF Convention at Windsor. 

He also received a certificate signed by 
Michael Heseltine, President of the Board 
of Trade, to commemorate the presenta- 
tion, and will be invited to the Agency’s 
Radio Monitoring Centre at Baldock, 
Hertfordshire, for a conducted tour. 

Martin’s main interest is in packet radio, 
which involves transmitting data in packets 
of information. He assembled his own 
equipment and has been granted a Notice 
of Variation to his Amateur Radio Licence 
to operate a mailbox, a computerised dis- 
tribution agency which can be accessed by 
other radio amateurs wishing to hear a 
message. 

He has written a number of articles ex- 
plaining packet radio and amateur radio 
generally. He has been appointed Secretary 
of his local packet group and serves on the 
forward planning committee of the Flight 
Refuelling Amateur Radio Society. 

His close runner-up was Neil Mothew, 
aged 16 (call sign G7NGM) of Ashfields, 
Loughton, Essex, who was also very strong 
on home construction of radio equipment. 
Neil will also be invited to Baldock. 


Breach of Security 


A RECENT National Computing Centre 
(NCC) survey estimated that security breaches 
will cost Britain £1.1 Billion this year. This 
means that every IT installation in the UK 
stands to lose on average £22,000 this year due 
to loss of security. Even this figure may be too 
low as many incidents are unreported. 








AMS6 & Radio Rally 


THE All Micro Show and Radio Rally will be 
held on Saturday, 14 November at Bingley 
Hall, Staffordshire Show Centre, Stafford. 

This is the fourth consecutive year at the 
Staffordshire Show Centre and the All Micro 
Show is now established asa major computer 
and electronics show in the Midlands, ideally 
timed for the Christmas trade. 

Previous shows have attracted a diverse mix 
of exhibitors ranging across the computing 
and electronics spectrum, including national 
PC suppliers, individual user groups, elec- 
tronics component suppliers, TV and Video 
sales and: spares, Ham Radio, Computer 
Media etc. 

















APPROVAL FOR CIRKIT 


CIRKIT are pleased to announce 
that they have achieved approval 
to BS5750, Part 2. 

The approval has been awarded 
as part of the company’s on-going 
commitment to quality and 
service, meeting the exacting 
standards of BS5750, Part 2 
with the additional stockists 
supplement and equivalent to 
European EN29002 and Interna- 
tional 1S09002. 

As everyone involved in the 
electronics industry will know, this 
is not an easy achievement. This 
coveted award is granted only 
after a thorough examination of 
the company’s systems and proce- 
dures, and reflects the commitment 
of the entire workforce to a 
consistantly high level of service. 





SS 


Cirkit’s Quality Manager, Andrea Chapman, responsible for 
the successful granting of BS5750 approval. 
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GOT 
THE 


A DOUBLING of power is claimed by 
BK Electronics with the release of 
their new 1000W MOS-Fet amplifier 
module. The OMP- 
MF1000 has_ taken 
over from the ever 
popular OMP/MF450 
as the flagship of the 
OMP module range. 
Delivering 1000W 
r.m.s. into a 
two ohm load, 
the OMP/MF1000 is 
claimed to provide a 
no compromise on 
price/power/per- 
formance ratio and, 
as with all of the OMP 
range, its advanced 
MOS-Fet | circuitry 
achieves superb 
sonic clarity with 
enduring reliability. 
The OMP/MF1000 
is priced at £259, 
including VAT, plus 
£12.50 delivery, and 
is available from BK Electronics, Dept 
EPE, Units 1&5 Comet Way, Southend- 
on-Sea, Essex SS2 6TR. Tel: 0702 527572 


Impact On Growth 


CLAIMING to be one of the worlds largest 
dot-matrix printhead repair companies, the 
American based Impact Printhead Services, 
opened its UK offices in January 1991. 

It has obviously. struck a niche in the 
market: Sales in 1992 have increased by 344 
per cent compared with the same period last 
year. 

“We have been staggered by our growth” 
said Andrew Gadd, UK General Manager, 
“but when we can save a customer over half 


the price of a new printhead, and give a one 


year warranty, it’s not really that surprising”. 

Impact can be contacted at The City Busi- 
ness Centre, Dept EPE, 10 City Business Cen- 
tre, Brighton Road, Horsham, West Sussex 
RH13 SBA. Tel: 0403 272627. 


European Customer Service 
AN agreement between BT and Olivetti 
has been signed to ensure round-the-clock 
maintenance and support for the telecom- 
munications giant’s growing number of 
customers in Europe. 

The agreement gives BT’s customer 
support organisation access to Olivetti’s 
established customer service infrastruc- 
ture Oliservice throughout mainland 
Europe and means that customers can be 
offered. service level agreements. which 
guarantee response times of as little as two 
hours. The European Customer Service 
Centre (CSC) in BT’s Paris Eurocentre 
provides multi-lingual support to cus- 
tomers. The CSC, which also houses a 
network control centre, will now be able 
to call upon trained Olivetti staff in 
addition to its pesent resources. 

The European Customer Service Cen- 
tre is also linked to network management 
centres in London and the US, providing 
comprehensive service and support. 
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lan Poole reports on techniques for reducing i.c. size, high output 
/.e.d.s and low voltage logic 


NE of the major thrusts of i.c. technol- 
O» development is to produce ever 

smaller structures for use in chips. By 
doing this more can be packed onto a single 
ic. and this in itself brings many benefits. 
Increased speed and reliability together with 
reduced costs are just three. 

This pressure for size reduction is being 
applied to the reduction of dynamic RAM 
sizes as much as anywhere else. However one 
of the major size restraints is imposed by the 
small capacitors which are used to store the 
data in these chips. For the individual cells to 
be able to reliably store data they must have 
sufficient capacitance. If the capacitor is too 
small then insufficient charge will be stored 
for the data to be detected at a later time. 


The main problem for RAM designers 
is that the amount of capacitance required 
governs the physical size of the capacitor. To 
try to overcome this capacitors using a V or 
trench structure have been used. This gives a 
larger area for the capacitor whilst taking up 
no more surface area on the chip itself. Whilst 
this method is reasonably successful it only 
provides a limited improvement. 

A much more promising approach is now 
being developed. The key to it has been 
made possible because researchers have been 
able to deposit very thin layers of titanium 
oxide onto the i.c.s. This material has about 
20 times the dielectric constant of silicon 
oxide/silicon nitride which is normally used. 
Consequently it means that the size of the 
capacitors can be reduced by about the same 
ratio. 

Apart from the reduction in size, titanium 
oxide offers a number of other advantages. 
The most important is that capacitors made 
with it do not suffer from the same loss of 
charge that ones made from silicon oxide do. 
This means that these i.c.s will be more reli- 
able than their silicon oxide counterparts. 

Whilst there are several advantages to using 


titanium oxide there are also some disad- 


vantages. The major one is that the processes 
needed for handling titanium oxide need to be 
controlled very stringently. Even so, they are 
now well advanced and i.c.s using the new 
process should be seen on the market within 
the next year. 


Bright Lights 


Traditionally l.e.d.s have only been used 
as small indicators. They have not had 
the power to compete with tungsten lamps. 
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Whilst some high power red and orange 
l.e.d.s have been manufactured no yellow 
ones have been available. This is set to 
change. Toshiba have recently launched a 
range of high qutput yellow l.e.d.s which 
can be used in a number of areas where 
only tungsten lamps have been used. 

To obtain the high light output a to- 
tally new structure has been used. This was 
developed because the l.e.d. itself absorbs a 
large amount of light, reducing the bright- 
ness quite considerably. 

To overcome this absorption the new 
structure uses an indium gallium alu- 
minium phosphide active layer. This layer 
also includes a reflector consisting of a 
multi-layer structure to cut the light loss. 

By using this structure the light output of 
the l.e.d.s has been raised to a level which is 
typically ten times as much as standard 
yellow l.e.d.s. A figure of six candela at 
a wavelength of 590nm is quoted. This 
means that these l.e.d.s will be able to be 
used in a number of outside applica- 
tions including roadside displays where 
previously only the relatively inefficient 
tungsten lamps have been used. 


Low Voltage Logic 


Five volts has been a standard voltage 
rail for digital circuits for as long as most 
people can remember. It has served well as 
the supply voltage for virtually all the 
families of i.c.s since before the power 
hungry standard 74 family of 1.c.s was 
introduced. 

Now technology is advancing and more 
requests for very low power systems are 
being placed before system designers. Lap- 
top and notebook computers are two prime 
examples of the need for power reductions. 

By reducing power consumption battery 
lifetime can be increased in addition to 
reducing the size of batteries. This is a great 
advantage because the two main com- 
plaints about laptop computers are the 
short time which these computers can be 
used on their batteries between charge and 
the size and weight of the batteries. 

To achieve power reduction designers are 
turning to lower voltage logic as a means of 
achieving a solution. As a result it now ap- 
pears that 3-3 volts is becoming an alterna- 
tive standard to 5 volts for these applica- 
tions. 

A surprising amount of progress is being 
made. All the major manufacturers of 286, 
386, and 486 processor chips are now 
developing or actually marketing 3.3 volt 


versions of these chips. In addition to this 
most of the peripheral chips are now 
available to operate along side the proces- 
sors. 

For the i.c. manufacturers there are a 
number of advantages to using 3-3 volts. 
Having lower supply rails means that some 
of the internal dimensions of components 
within the chips can be reduced. The most 
obvious is that the thickness of the gate 
insulation layer in the f.e.t.s can be reduced 
from about 150A to just 100A. Gate sizes 
can also be reduced. Consequently the 
component sizes in the chip can fall quite 
significantly. 


The modifications to enable the i.c.s to 
operate at lower voltages require some 
major changes. A full process redesign 1s 
needed in addition to any small dimen- 
sional reductions. 

Many of the circuits have to be changed. 
This can be very expensive but it has to 
be undertaken to ensure that the circuit 
operates correctly and efficiently at the new 
voltage. Transistor thresholds need to be 
altered. Also inefficient logic structures 
need to be replaced by new ones which 
operate more satisfactorily at the new 
levels. 

Standard techniques do not always 
provide the best solution. Often new 
techniques have to be used. One such 
example is a new process called SIMOX 
(separation by implantation of oxygen) 
which can give enormous improvements. 

It has been found that transistors fabri- 
cated using this process have a much higher 
drive capability. On top of this they can 
run 50 per cent faster than transistors 
fabricated in the normal way. This means 
that the new. transistors can operate just as 
fast at 3 volts as standard ones do at 5 
volts. 

With the reduction in size and the use of 
SIMOX designers now have several op- 
tions open to them. If all the parameters 
are optimised for speed then the new 3.3 
volt chips can operate faster than their 5 
volt counterparts. Alternatively the chip 
could be designed to give the lowest power 
consumption, or the smallest chip size 
whilst keeping the performance the same. 

Whatever option is taken by the i.c. 
designers the new 3.3 volt logic is certainly 
an exciting development which is likely to 
have a large presence in the semiconductor 
market of the near future. 
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SPECIAL OFFER 


High performance oscilloscopes at bargain prices 


Crotech 3132 

* Dual trace 

*& 20MHz bandwidth 

* 2mV sensitivity 

* Built-in power supply: + 12V and + 5V for 
external use 

* Built-in component tester and comparator 


Offer price: £229 
Crotech 3030 


* Portable single trace scope 
*& 15MHz bandwidth 

*% 5mV sensitivity 

* Designed for field application 
* Built-in component tester 


i Offer price: £179 
Crotech Tri-Probe Type 3Q7 with x1 x10 and Ref. positions. 
Offer price: £10 
All prices include VAT and delivery charges. Payment by Cheque or by Credit Card. 
OFFER VALID WHILE STOCKS LAST 


Crotech Instruments Ltd., Unit Al, Faraday Road, Newbury, Berks RG13 2AD. 
Tel: 0635 550789 Fax: 0635 49305 
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Some further Alternative Energy sources. 


Renewable Energy — that is, sources 

of power which will last for ever un- 
like those derived from fossil fuels which 
will eventually run out. This month we 
shall look at some remaining renewable 
energy sources which have the potential for 
large-scale exploitation in the UK. 

These are: energy produced by burning 
household and industrial waste, landfill 
gas, biomass and geothermal energy. These 
methods have been grouped together be- 
cause they all involve the use of direct or 
indirect heat. 

We shall also take the opportunity to 
look more closely at conventional nuclear 
power - that is, nuclear fission. Although 
not itself a source of renewable energy, it 
also produces heat and will help to put 
the whole topic of alternative energy into 
perspective. 


WASTE NOT 
WANT NOT 


Currently, 30 million tonnes of waste 
material per year are disposed of in the UK 
— that is, around half a tonne for every 
member of the population. Some 90 per cent 
of this is disposed of in the 5,000 landfill 
sites which are scattered around Britain. 
Using waste to provide energy seems a 
very attractive idea and one in which the 
Department of Energy is actively involved 
through a programme of funding research 
and development. 

Waste material suitable for providing a 
useful amount of energy may be divided 
into two groups — dry organic waste and 
wet waste. Dry waste may, after suitable 
preparation, be burned directly. The fairly 
low technology required and the simplicity 
of the method are its greatest strengths. A 
further-advantage is that it can reduce vast 
quantities of waste into a small volume and 
so simplify its ultimate permanent disposal. 


DRY WASTE 


Burning dry household and industrial 
waste involves certain problems. Firstly, the 
energy content is likely to be much smaller 
than in a comparable quantity of fossil fuel. 
Also, there will be a large amount of 
incombustible matter mixed with it. 

Removal of certain types of material is 
possible such as the ferrous metals using an 
overhead magnet. However, sorting some 
of the waste at source would help. Sen- 
sible waste management involves recycling, 
whereby the producer of the waste removes 
certain combustible and non-combustible 


Ti: is the last in a short series about 
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material such as paper, glass and metals for 
re-use. 

Obtaining heat by burning dry waste in 
incinerators may be used for space heat- 
ing, industrial processes close to the site or 
to produce electricity. This process already 
saves the equivalent of 100,000 tonnes of 
coal per year and there is the potential to 
improve on this. As well as household waste, 
it is possible to burn certain other types 
of scrap industrial and agricultural material 
such as wood. 


BURNING RUBBER? 


One form of dry waste which deserves 
special mention is scrap tyres. Currently we 
in the UK dispose of old tyres with an 
energy content equivalent to 200,000 tonnes 
of coal each year. Disposal of tyres in landfill 
sites causes instability so they are often 
refused. The cost of disposal by other means 
is then considerable. Burning them under 
controlled conditions seems an attractive 
idea and could present a worthwhile energy 
source in the future. 

A further idea is to burn hospital waste. 
Some is harmless general combustible waste 
but there is other material which could be 
dangerous if not disposed of by high-tem- 
perature incineration — the so-called clinical 
waste. Separating the two types is difficult 
and, in practice, the health authority will 
burn all of it. This involves the use of fuel to 
reduce it to ash — an energy-hungry process. 


The Yorkshire Regional Health Authority’ 


alone currently produces 12,000 tonnes 
of waste per year. Nationwide, Britain 
produces hospital and similar waste (i.e. 
from homes for the elderly, etc) to the 
equivalent energy value of over 400,000 
tonnes of coal per year. Several health 
authorities are now considering self-fuelled 
on-site incinerators with energy from the 
waste itself being used for central heating 
coupled with electricity generators. 

In some schemes, the waste is used to 
produce bulk background power, with con- 
ventional (fossil) fuels being used to top-up 
the output as necessary — in particularly cold 
weather, for example. 


WETWASTE 


The use of wet waste and landfill material 
to generate gas involves a process of 
anaerobic digestion. Here, bacteria decom- 
pose organic material in the absence of 
oxygen to produce methane (see Fig. 1). 
Methane is the same as natural gas obtained 
from the North Sea reserves and is an 
excellent fuel. 


—> gas 
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Fig. 1. Production of methane from 
anaerobic digestion. 


On a small, local scale — for example on a 
farm — the process may be carried out in a 
large vessel called a digester. Any animal or 
plant waste (such as chicken-droppings), 
sewage and certain other material may be 
treated by simply allowing it to decay in the 
digester and piping off the gas. This process 
can yeild approximately 60 per cent methane 
(but usually nearer SO per cent) the rest 
being carbon dioxide. This gas mixture may 
be used for heating or cooking. There may 
be a future for large-scale digesters for bulk 
treatment of household waste to produce 
electricity. 


LANDFILL GAS 

The UK has been using landfill gas (LFG) 
since the early 1980’s and, together with the 
United States, is a leader in this technology. 
There are currently more than 33 large-scale 
landfill gas extraction schemes in operation 
in the UK. Burning the gas and using the 
heat to generate electricity produces some 
18MW of power with a total coal saving of 
150,000 tonnes per year. 

So attractive is this method that it is 
thought that by the end of the century, the 
energy contribution from LFG could be 
equivalent to one million tonnes of coal per 
year. Apart from the benefits to be gained by 
using less fossil fuel, it also means that the 
gas is removed from the site instead of being 
left to find its way into the atmosphere. This 
could cause offensive odour blown by the 
wind over a wide area. Also, since methane 
is a very flammable gas, there is a danger of 
explosion if it is allowed to build up in 
confined spaces. 

The rate at which landfill material 
produces gas depends on several factors 
such as the exact nature of the waste, the 
temperature and its moisture content. 
Typically, on a new site, production begins 
within a few months of deposition then 
builds up and maintains a useful output for 
15 years or more. 
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A digester producing methane on a farm. 
Crown copyright. Reproduced by permission of the Controller of HMSO. 


One tonne of refuse may be expected to 
yield 135 cubic metres of gas with present 
technology. However, the theoretical yield is 
much greater and will, no doubt, increase as 
the technique for extraction improves. At 
the moment, the gas is removed by a series 
of wells drilled into the waste and connected 
to a pumping system. 

Landfill gas may be used simply for local 
heating or to fuel some industrial process 
close to the site — to fire brick kilns, for 
example. Alternatively, the methane may be 
used to power a gas turbine and generator to 
make electricity. A gas turbine is like a jet 
aircraft engine — the fuel is burned and the 
hot gasses produced turn the turbine blades. 

In a jet aircraft, thrust is produced but 
here the power is taken from the rotating 
turbine shaft to turn the generator. The 
Centrax gas turbine at Meriden fuelled by 
LFG has a rated output of almost 4MW. 
The electricity is then sold to the Midland 
Electricity Board under contract. 

It is thought that by the end of the 
century, the electrical power generated by 
landfill gas could exceed 175MW (the 
output of a small coal-fired power 
station). Research is being funded by the 
Department of Energy with a view to 
exploiting this source of power at more 
sites. Research includes the study of the 
microbiological process by which the 
methane is produced. This is because, at 
the moment, they are not particularly well 
understood and such knowledge could 
help to improve the yield. 


BIOMASS - 
ENERGY FOREST 


Growing crops for fuel rather than food 
or manufacture is called biomass. In Part 1 
of this series (August, 1992 issue), we saw 
how the Brazilians have turned this idea to 
good use by making alcohol from sugar. 
This may then be used as a petrol substitute 
and used as a fuel for cars. This relieves the 
pressure on oil from which petrol is ob- 
tained. Up to five per cent of alcohol may be 
blended with petrol with no detrimental ef- 
fect but more may be used providing certain 
modifications are made to the engine. 

It is interesting to note the large area of 
land in the UK which over-produces food 
— currently, one million hectares approxi- 
mately (almost 2:5 million acres). This land 
is therefore available for other purposes 
such as for the production of biofuels. Trees 
may be grown simply for their fuel value and 
the Department of Energy is investigating 
various energy forestry schemes in the UK — 


in particular, in Northern Ireland, Scotland 
and southern England. 

Wood can be used as an industrial fuel 
and is a renewable energy source so long as 
the trees are grown at least at the same rate 
as they are being burned. It is anticipated 
that by the end of the century, an equivalent 
saving of one million tonnes of coal will be 
made using existing sources alone. 

By growing wood specifically for the pur- 
pose, the saving could be equivalent to at 
least eight million tonnes of coal per year. 
Most of this would be used directly for heat- 
ing purposes simply as a substitute for coal 
or oil. However, it is also possible to burn it 
in a more-or-less conventional power station 
to generate electricity. 

Using wood as a fuel has the advantage 
that sulphur dioxide emission and hence 
acid rain is much less of a problem than with 
coal. A further advantage is that much of 
the technology needed for energy forestry is 
familiar, well-developed and relatively inex- 
pensive. This, in practice, means that the 
method is a very attractive one. 


GRASPING AT 
STRAWS 


At present, some eight million tonnes of 
straw are either burnt or ploughed back 
(incorporated) into the land each year. 
Straw does have some industrial applica- 
tions — in the manufacture of fibreboard, for 
example. It also has some uses on the farm. 
However, an enormous surplus remains for 
which there is no particular use. Up to the 
present time, much of this excess straw has 
been simply burned in the field. However, 
this practice was prohibited after the 1992 
harvest. 

One way of using it is to burn the straw as 
a fuel under controlled conditions. Some 
200,000 tonnes of straw are already used in 
this way and this is expected to rise 
to 800,000 tonnes by the end of the 
century. Unfortunately, straw can cause 
problems with dust. Also, it is an abrasive 
material which tends to wear the handling 
machinery. 

Straw must be baled and stored (be- 
cause it needs to be kept dry). Unfor- 
tunately, it has a low density — that is, it 
has a large volume for a given weight — so 
storage is expensive. Straw is also expen- 
sive to transport again, because of its low 
density. It may therefore be uneconomic 
to take it to a distant incinerator. A good 
way of using it is to burn the straw on the 
farm where it is produced using whole- 
bale burners to produce hot water. 
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Much of the heat may be used locally for 
domestic heating and for certain other jobs 
— grain drying and greenhouse heating, for 
example. Any excess hot water may be sold 
to local houses, factories, schools, etc. for 
central heating. The hot water could be 
sent the relatively short distances involved 
using feed pipes well-insulated to minimise 
heat loss. 

Woburn Abbey already has a straw- 
burning scheme in operation which sup- 
plies heat for the entire historic home. The 
aim was to save £20,000 per year on oil, gas 
and electricity charges. The cost of the 
straw-burning installation was £150,000 
but three boilers needed to be replaced 
anyway at a cost of £60,000. Also, it was 
found that further areas of heating could 
be added to the system. 

The straw is handled in 1-2 x 1-2m round 
bales and delivered to the boiler twice 
per day from the nearby farm. A straw 
grater teases the straw out of the bale 
whereupon it is fed into the boiler. Straw 
burning is notoriously unpredictable since 
the material is not one definite substance 
but varies in composition. In practice, this 
means that although the plant is under 
automatic control, a boilerman is needed to 
solve minor problems as they arise. 


COMPACT STRAW 


There is some research being carried out 
with a view to compacting straw into high- 
density blocks or pellets. This could make 
transportation to large straw-burning power 
stations much cheaper. The use of straw as 
a fuel promises to make a significant con- 
tribution to our total energy requirements in 
the future and the methods will become even 
more attractive as fuel prices in general rise. 

As well as being prominent in the field of 
wind energy (as we saw in Part 3 of this 
series — October, 1992 issue) Denmark also 
leads the way in straw-burning technology. | 
A large number of projects have been set up 
there over the past few years to heat water 
and pipe it to private houses and public 
buildings for use in central heating. 

Schemes are also in operation to generate 
electricity using special furnaces and con- 
ventional boilers and turbogenerators. One 
particular 30MW plant burns 25,000 tonnes 
of straw per year. Yet other power stations 
use straw enhanced by coal. 

It is important to note that Biomass tech- 
niques are carbon dioxide neutral — that is, 
they do not contribute to the greenhouse 
effect because the carbon dioxide released on 
burning the crop is the same as the amount 
absorbed from the atmosphere to perform 
photosynthesis. 


GEOTHERMAL 
ENERGY 


Geothermal energy — often called the 
energy of hot rocks —is heat derived from 
the interior of the earth. Strictly speaking, 
geothermal energy is not a form of renew- 
able energy since the heat of the earth is a 
finite resource - that is, the rocks gradually 
cool down as heat is extracted from them. 
However, the reserve of energy is so great 
that it may be regarded as renewable. 

Some estimates put the equivalent heat 
content of all known hot rocks in the world 
as high as 50,000,000,000,000,000 tonnes of 
coal! This could, technically, provide the 
world with all its energy requirements for 
several million years. 

It seems that there are two reasons why 
hot rocks exist below the earth’s surface. 
Most of the heat probably derives from the 
heat of the Earth’s core. Also, some of it 
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may come about from the decay of natural 
radioactive material such as uranium. 

Certain forms of geothermal energy are 
familiar and include volcanoes, hot springs 
and geysers. It is thought that the energy of 
volcanoes could not be exploited by present 
technology — not economically at any rate. 
However, geysers and hot springs can yield a 
significant amount of energy. 

Geysers work intermittently as cold water 
flowing deep in the earth’s crust becomes 
suddenly heated by the hot material around 
it. The water boils violently and bursts out 
through a crack in the ground. The gush- 
ing water and steam may then reach a 
height of up to 70m. The Geysir in Iceland 
(from which all others are named) some- 
times reaches 55m. 

Geysers and hot springs are chiefly found 
in volcanic regions such as Iceland. Here, 
the water may be used direct for central 
heating or for warming swimming pools, 
etc. The pavements of Reykjavic are heated 
by water derived from hot springs and this 
keeps them clear of ice. 


AGUIFIERS 


Aquifiers are deep underground rocks 
which heat water naturally. In Britain, 
aquifiers occur some 2km below the surface. 
These usually provide water at between 60 
and 80 degrees.(i.e. hot but not boiling). The 
hot springs at Bath emerging at about 49 
degrees C are a good example of such hot 
water leaking to the surface. 

Another example is the Southampton 
City borehole project which is a joint 
private sector/local authority district heating 
scheme. However, there is little prospect of 
really large-scale development of aquifiers in 
the UK and the research programme funded 
by the Department of Energy has been 
curtailed. Even so, the Department is 
continuing to fund the monitoring of the 
Southampton bore-hole project. 


HDR TECHNOLOGY 


Although Britain is not ideally served, we 
do have some sites especially in Cornwall 
where hot granite rocks exist deep below the 
surface and which may be used as a source 
of energy. It is thought that a significant 
proportion of Britain’s electricity could be 
generated this way. 


To extract the energy from the hot dry 
rocks (HDR technology), water is sent down 
a borehole or natural fissure increased in size 
by hydraulic fracture — the injection well. 
The water reaches the rocks, boils, and the 
steam is allowed to return to the surface 
through the production well. This may then 
be used for simple heating in domestic 
or industrial processes or used to operate 
conventional turbogenerators and produce 
electricity. 

To boil water needs a temperature of at 
least 100 degrees C but, in practice, 200 
degrees C is needed to superheat the steam 
and produce electricity efficiently. Drilling 
the boreholes is quite difficult due to the 
depth required — some 6km — and it may 
involve drilling through some very hard 
rocks on the way. 

Less geologically stable areas than Britain 
are better suited to exploiting the energy of 
hot rocks. As well as Iceland already 
mentioned, countries with better resources 
include parts of Italy, New Zealand, Japan, 
Mexico and the United States. These 
countries all have large-scale geothermal 
energy programmes already in operation. 


THE NUCLEAF 
FOAD 


Nuclear fission — that is, the energy 
technology widely used at present is, like 
geothermal energy, not strictly a renewable 
energy source. This is because the process 
relies on uranium and this will eventually run 
out like the fossil fuels. However, the time 
scale is much longer. 

It is thought that there are sufficient 
uranium reserves in the world — chiefly in 
the USA, Canada, Australia, Africa and 
France — to provide electricity for 1,000 
years or more. The fission process produces 
no carbon dioxide so does not directly 
contribute to the greenhouse effect and pos- 
sible global warming. However, there is 
some indirect use of fossil fuels. 

Some fossil fuel is needed to build the 
nuclear plant including the power stations 
themselves, the re-processing works and 
storage sites. Some is needed for waste 
disposal. Yet more fossil fuel energy will be 
needed for decommissioning purposes when 
the useful life of the power station is over. 


A view of Rosemanowes HAD site showing the well-head structures and the heat 
ex changer in the back or ound. Crown copyright. Reproduced by permission of the Controller of HMSO. 


788 








On the other hand, there are some positive 
reasons for using uranium rather than the 
fossil fuels apart from the fact that the latter 
will eventually run out. The fossil fuels have 
great importance in their own right as 
chemicals for the manufacturing industry 
whereas uranium is a fairly useless material 
apart from its use in nuclear reactors. Also, 
uranium is a very concentrated source of 
energy compared with the others — one 
tonne providing the same amount of energy 
as 20,000 tonnes of coal. 

Several countries have gone down the 
nuclear road to generate very significant 
amounts of their total energy needs this way. 
Table 1 shows, in descending order, the 
percentage of total electricity requirement 
generated using nuclear energy in several 
countries. The overall figure for Europe is 
about 30 per cent. 





Table 1 
Country % of nuclear 
energy 
France 75 
Belgium 61 
Sweden 45 
Switzerland 42 
Spain 38 
Finland 35 
Germany 34 
Japan 28 
UK 22 
USA 19 
Canada 16 


Nuclear power production only differs 
from conventional electricity generation in 
the source of heat used. This is provided by 
the fission process carried out in the core of 
the nuclear reactor (see diagram opposite). 
There are several different types of reactor 
used in Britain. 

The original design is called a Magnox 
reactor — the first practical one in the world 
was Calder Hall at Sellafield which was put 
on stream in 1956 and is generating to 
this day. The Advanced Gas-Cooled Reactor 
(ARG) followed. The most widely-used type 
of reactor in the world is in Pressurised 
Water Reactor (PWR) — see opposite. One of 
these is currently under construction at 
Sizewell (Sizewell B) in Suffolk and will 
operate alongside the existing (Sizewell A) 
Magnox power station. 

Whatever type of reactor is used, they all 
behave in the same basic way — nuclei of 
uranium atoms are split by bombardment 
with sub-atomic particles called neutrons. 
This, in turn, releases more neutrons which 
can cause more splitting of uranium nuclei 
and a chain reaction results (see Fig. 2). 
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Fig. 2. The fission process. 
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This process produces a colossal amount 
of heat which is transferred to and carried 
away by a coolant such as water or carbon 
dioxide gas. This coolant then transfers its 
heat to water in a heat exchanger and 
returns for re-heating. The steam produced 
operates a turbogenerator and hence gener- 
ates electricity. 

Clearly, there must be a way of preventing 
excessive splitting of uranium nuclei with the 
ever increasing number of neutrons released. 
This would cause the system to go out of 
control. Excess neutrons are therefore ab- 
sorbed by control rods to leave just enough 
to maintain a chain reaction and provide the 
amount of heat needed. Control systems en- 
sure that the reactor shuts down completely 
in the event of any fault developing such as 
overheating. 


WASTE 


The nuclear fuel in the reactor gradually 
becomes less efficient and has to be replaced. 
In fact, only three per cent of the weight of 
this material is “waste” — the rest is unused 
uranium and approximately one per cent 
of a new material formed in the process 
called plutonium — a decidedly nasty sub- 
stance both intensely radioactive and highly 
toxic. 

The fuel may be re-processed to remove 
at least 96 per cent of the uranium and 
the plutonium. This leaves three per cent 


An advanced Gas-cooled Reactor at Torness. 








Turbine 


of the original material which constitutes 
highly radioactive liquid waste which has 
to be stored permanently. The volume of 
the high level waste produced by the British 
nuclear industry over the last 30 years or 
so 1s about the size of two semi-detached 
houses. Although this is a very small volume 
compared with the amount of waste gener- 
ated by other industries, this material is very 
dangerous and must be stored carefully. 

At present, the storage method used is 
to keep it in double-walled stainless steel 
tanks. A more recently-developed method is 
to reduce it to powder and then melt it per- 
manently into blocks of glass — vitrification. 
This takes up only one-third of the volume 
of liquid waste and is much easier to store. 

The process produces much larger quan- 
tities of intermediate-level and low-level 
waste — liquid and solid. The intermediate- 
level material is much less dangerous than 
the high-level variety and may be stored by 
encasing it in cement inside steel drums. The 
low-level material is only slightly radioactive 
and, after some treatment to make it still 
weaker, the liquid is disposed of in the sea 
and the solid stored in enormous vaults. 


FAST BREEDER 


The plutonium obtained from spent 
uranium fuel rods is itself used as a fuel in a 
certain type of reactor called a fast breeder 
reactor. This technique increases the energy 
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obtained from the original uranium by a 
factor of 60 approximately. 

There is public concern about certain 
safety aspects of nuclear power. One fear — 
that of danger from direct radiation is 
unfounded — 87 per cent of the average dose, 
of radiation for a person living in Britain 
comes from natural sources. Medical uses 
(such as X-rays) contribute about 12 per 
cent. Even flying in aircraft increases the 
radiation does due to cosmic rays entering 
the earth’s atmosphere from space — see Fig. 
3. Less than 0-1 per cent comes from the 
nuclear industry. 

Other concerns come from the pos- 
sibility of an accident resulting in the 
discharge of radioactive material into the 
atmosphere such as from the catastrophic 
event at Chernobyl in the former Soviet 
Union in 1986. However, this type of 
reactor was known to have serious design 
faults and would not be allowed in 
Britain. Saftey systems were turned off by 
the staff in a way which could not happen 
here. 

The other concern is that of nuclear 
waste disposal and the possibility of it 
entering the environment — perhaps by 
entering water supplies. British Nuclear 
Fuels, who manage the waste, go to great 
lengths to ensure the safety of their waste 
storage and disposal programme. 

When nuclear material is transported, 


Basis of a pressurised water reactor (PWR). 
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Fig. 3. Source of radiation exposure 


Source National Radiological Protection Board 
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it is carried in steel or steel and lead 
flasks each weighing up to 110 tonnes 
(see above). The flasks have undergone a 
full-scale test involving a collision with a 
140 tonne train travelling at 100mph. The 
locomotive was destroyed but the flask, 
which was placed in the path of the train 
in its most vulnerable position, withstood 
the impact without fracturing. 
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The reader must form his or her own 
view of nuclear energy balanced against the 
various sources of renewable energy dis- 
cussed in this series. There is no doubt that 
nuclear power will continue to be a large- 
scale supplier of world electricity needs. 

It does seem that several technologies will 
operate side by side with each making its 
own contribution to the total energy require- 
ment. It may be that nuclear fusion will be 
the eventual single solution to provide our 
total energy needs — this topic was discussed 
in Part 2 of this series (Sept., 1992 issue). 
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It seems that man will have the energy he 
requires independently of fossil fuels into the 
foreseeable future. We will not have to go 
back to the days when he had to do all the 
work for himself or use animal power or 
slaves. 

Many familiar techniques which have 
been developed for the old technology will 
continue. Perhaps the prophets of doom and 
gloom who foresaw unspeakable calamity — 
even the destruction of the Earth itself will 
be proved wrong after all. With good 
housekeeping the future is bright. O 

We would like to thank British Nuclear Fuels PLC 
for their permission to reproduce many of the photo- 
graphs and diagrams used in this article. 
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Layol 
> Netlist import via Project Manager from Layol Schematics 
> Also for OrCAD/SDT, Schema III, Tango etc. 

> Forward Annotation 

> Graphics netlist entry 

> Manual-, Interactive and Auto Routing 

> Design Rule Checking 

> SMD Support 

> Extensive component library 

> User definable Macro's 
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Powerfull output drivers for: 
> Gerber photoplotters 
> Excellon, Sieb&Meyer and HPGL dnillingmachines 
> HPGL, DMPL compatible penplotters (with open pads) 
> Adobe 2.0 Postscript (with open pads and 10 greyscales) 
> HP-Laserjet, Deskjet and Epson compatible printers 










Layol is priced at £99 up to £999 (ex. carriage & VAT) which includes: 
Layol Schematics, a days FREE updates and technical support. 
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6, Pasture Close, Clayton, Bradford BD14 6LY 
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TEKTRONIX D755 
50MHz Dual Trace Delay Sweep 


Supplied complete with mains lead and service manual. 
Although second hand, all are fully tested before despatch. 
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* Velleman Kit Catalogue 

* Free pre-paid envelope 
* Many new lines 

* Pages of special offers 
* Free gifts 
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CATALOGUE 
Ready for Jan ’93 
Lots of new lines and 


132 PAGES £2.00 special offers 
FREE with orders over £10 STILL £2.00 


HOME ALARM PACKAGE 
Includes: BACK-UP LEAD 


talon pd eo heed ACID BATTERY FLOODLIGHT 
xternal Red Be Box > 4 ake ONLY ¢29.99 
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FM TRANSMITTER 


Made in U.K. For those of you who 


enjoy building kits — 
Very high quality ‘Mini-Bug — ideal for} we now offer the 
baby alarm, etc!! A very good range is} above transmitter in 
obtainable — we have obtained over 


kit form. Ideal for 
V2 mile, but it does depend on condi-| the beginner -— sup- 


















































* 2x Door Contacts tions. plied complete with 
* Siren for bell box e £1 5.27 HURRY WHILE Simply remove cover — insert battery] full, easy to follow 
j — and you'r ready to go. Reception] instructions..Box NOT 

; = cae LEAD ACID STOCKS LAST can be obtained on any FM radio. INCLUDED — See our 
CHARGER A high power security flood- Frequency 105-109MHz FM| BOXES Section for 







suitable housing. 


ORDER CODE SEC/FMB1 ORDER CODE 
SEC/FMKIT 


price: £9.99 | ,... £7.50 
RESISTOR KITS — SALE PRICES 





ONLY £130 «x £419.99 light with built-in PIR detector 
which reacts to body heat, 
k* BELL BOXES k* 


switching on the floodlight 
A very attractive external box made of Polypropylene. whenever somebody is within 
Supplied complete with back plate. Available in Red, 
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Yellow, Blue, White. BASIC FLASHING detector is adjustable for lat poietanosi value E12—10R ai Pay 

SEC/RED £6.99 SEC/RS £9.99 horizontal and vertical angle Ae 610 pieces..........)....... Hetaintsuasnisonspoeai 5.10 .00 
: : 4W pack 5 each value/E12~—10R 

SEC/YELLOW £6.99 SEC/YS £9.99 | and contains a photo detection $0 1M S05 pleco assis fs ccscscescessessccsesecntcseesne 375 £2.99 

SEC/BLUE £6.99 SEC/BS £9.99 detector to prevent daylight ¥4W pack Popular — 10R to 10M 1000 pieces.......£6.99 £5.00 

SEC/WHITE £6.99 SEC/WS £9.99 P yilg YAW pack 10 each value E12—2R2 
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WO PZ TOD PIGS... 02ssclsnsissscsscieccicsecsssscssseceseasinens £8.75 £7.00 













Power: 220-240V a.c. 50Hz “aW pack 5 each value E12—2R2 
CLOSED CIRCUIT TELEVISION SYSTEM to 2M2 385 piec28. nih £5.40 £400 
1x CAMERA £420 1X CAMERA BRACKET TWIN FLUORESCENT LAMP - 12V 1W pe a nin ae ae 


40 1M SBS PIOOOS.... 5. als ceceieesscccesetesesessorcteesecssoas £15.25 £13.00 
2W pack 5 each value E12—10R 
$y PANO 317 OIMCOG ai: il i cseecissesecceaseessescoesasanstocsoapae £25.00 £22.00 













































































. Each value individually packed 
Complete price A very attractive twin tube lampholder with Free-standing or hanging with 15ft cable ADDITIONAL KITS 
£185 wo, 12v BW ference tubes, White plas- terminating in ia aher pug Fo" 480." Disc ceramic SOV.........125 pieces £3.90 £9.00 
Plus £15 carr and ON/OFF switch. Supplied with 90cms EVEN FLOATS IN WATER! '| Zener Diodes Sea.............. 55 pieces £3.99 £3.00 
Nl USED of twin flex for connection to 12V battery Overall dimensions: 430 x 30mm Electrolytics caps. radial..100 pieces £8.50 £7.00 
£70 1X MONITOR (Red stripe to positive). Ideal for caravans, ORDER CODE 1+ 10+ 50+ | Fuses Q blow 20mm........... 80 pieces £4.75 £3.50 
boats, vais. ee Se rie Price £6.50 £6.00 £5.25/| Fuses T delay 20mm........... 80 pieces roe a 
: Pre-set pots. Hor............... 120 pieces £7.75 £6.50 
ORDER PORE to TFL1 : 
QUARTZ-HALOGEN SPOTLIGHT ape FEL iat SPARE TUBES Pre-set pots. Vert............. 120 pieces £7.75 £6.50 
THIS UNIT SUBJECT TO DESIGN CHANGE Replacement tube for above Twin and| Polyester 100V.................. 110 pieces £5.00 £4.00 
Price £6. 50 £6.00 £5.25 ® 





Single flourescent lamps. Fits most 12V 
SINGLE FLUORESCENT LAMP —-12V_ fluorescent lamps. Philips, etc. Tube 
: : : length: approx 300mm (inc. pins). 
Identical to above unit but single tube. 12V 
dc, 8 Watts. Dims 360 x 62 x 37mm. ORDER CODE Opto Tube 
ORDER CODE Opto SL £5.50 £1.50 ea, 10 for £12 


Hand held or hanging. Heat resistant 
polycarbonate housing, highly polished 
reflector. Protective lens cover doubles 
as base stand. With On/Off switch and 
12ft curly cable terminating in cigar 
lighter plug. Produces 250,000 candle 
power — 5 times the intensity of average 
car headlamps. Price £5.75 
POWEL........:cececeeeee eee 12V d.c. 4.5A 55W 

UVB sa issidassaicoscasdes 160 x 88 x 110mm 
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2x 200W CLASS A AMPLIFIER 

BOOS5M (CPA 200) 
High power class A _ amplifier 
capable of delivering 2 x 200W 
stereo or 400W mono in bridge 
mode. Inputs are direct from the 
speaker outputs of the car 
radio/cassette or low level phono 
C-15W IRON ecocvcascve £9.30 XS-KIT 25W ecccvecees £13.45 inputs with left and right level 
CS-17W IRON ee eieaeicee £9.15 CS-KIT 17W aepadiineinn £13.30 | : . controls. Full thermal and overload 
XS-25W IRON......... £9.50 C-KIT 15W............ : protection. 


Output power ................ 2 x 200W stereo 
All bits for irons £1.95, Elements £5.30 Stands £3.75 0.08% THD 


400W mono 0.2% THD 














































2 x 60OW CLASS A AMPLIFIER 
BOO5LA (CPA 100) 

Class A stereo in-car amplifier capable of 

delivering 2 x 60W stereo of 120W mono in 

bridge mode. Inputs are low level phono, with 

left and right level controls. Full thermal and 
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F : ‘ load tection. 
Se] Si BEe ere CR Nemaaee | BO20 (TC6500) PRICE £25.75 | Signa! to noise ratio... 9008 | Output power ...........2x 60W stereo 0.1%THD 
1+ 10+ 2x3 way component speaker system comprising: two 6.5 Se sensitivity 100mV-3V adjustable 120W mono 0.1% THD 
1 £4 47 woofers, two 4-mid-range, two 2.25 tweeters and all leads, filters Input impedance ..High level input 1002 Signal to noise ratio ........ eee > 80dB 
8swg 95 £4.70 and fixing screws. Finished in black with black mesh grills. 7 . | Frequency response .................c0000 20-20000Hz 
22 swg £4.99 £4.75 EON jewel ingnt ane Input sensitivity 10mV-3V adjustable 
Remember: Our prices INCLUDE VAT! ~jimsaplsee ean gaint FULL RANGE OF Se al nie Input impedance ................. Low level input 20kQ 
20000Hz pera Tae EMINENCE CAR ef ee AV de 43A nom | VUTPUETIMPCOANCE...........-..esrereeeeeeesseeenestereeees 
SOLDER PACK Speaker sizes 8 6.5 woofer, SPEAKERS AND LOUD vecoudcsseceescccesesece eee PM X 100. SOM LS ee epecrcrerceccecceerencescesseresscescaresess r 







4mid-range, 2.5tweeter SBEAKERS IN STOCK | CARICPA200. £109.50 


IMPOdaNnce.........eeeseeererrees 4 


A mixed pack of both 18swg and 22swg solder. 
Each pack contains 10 assorted 12” lengths of 
solder. 


ORDER CODE:PACK 043 Price 41.50 


Ni-CAD CHARGER Ni-CAD RECHARGEABLE 
ow BATTERIES 












Built-in Telescopic Aerial, call button, transmitter receive key, on air 
indicator. Each unit requires PP3 Battery for operation (not supplied). 













































Operating Frequency...............cccccccececeecccsseeseesececeeeneecceseaaeeeeeeeenanes 49 MHz 
MERELY OD ga aac eid nc wd eee tues ce sine esa dgieee baa eee 100 MHz 
pea a Frequency. TOWMAUID --0.i2.c ise ecciperseocinsbafeceasennedibesepenserenes + or-0,005% 
AAA £1.50 £1.30 Range saseensansgnaginnees eetee! 1-2 Kilo. open field (depends on conditions) 
AA 95 85 Oscillation Crystal Control 
al P P ose acs avisutalel cetera .....9V de (PP3 Battery) 
Charges AA, AAA, : D & PP3 C £1.95 £1.80 
D Pack B123 S27 : 50 1 pair in box 


£2.00 £1.85 
HY 


Ni-Cads 240V AC £4 99 
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LEAD TESTER 


ROBERT PENFOLD 


Constructional Project 








Now you can check-out your MID 
/2C8C'S 8S QUICK as 2 flash with this 


easy-bulld tester. 


IDI is quite a ‘high-tech means of 
Mi communicating between units in 

an electronic music system, but it 
relies on ordinary plugs, sockets and leads 
to actually carry the signals. These will 
function well enough for long periods if left 
undisturbed. However, in practical systems 
there is often a lot of plugging-in and 
unplugging. Also, leads do tend to get 
kicked and tripped over. 

When a MIDI system fails to work 
properly, unless something in the system is 
obviously malfunctioning, there are two 
likely causes. One is that something in the 
system is simply not set up correctly. The 
other is that there is a faulty MIDI cable 
somewhere in the system. Checking for a 
damaged lead is probably the best starting 
point. 

This unit enables MIDI connecting leads 
to be quickly checked, and it will show 
up broken wires/connections or short cir- 
cuits from one lead to another. In use it 
is much quicker and easier than using a 
multimeter or continuity checker. Checking 
leads with ordinary test equipment is easy 
enough provided you have four hands (two 
for the test leads and two for the plugs)! 

It should be possible to build this tester 
for less than the cost of ready made units, 
some of which seem to be rather crude in 
comparison. 

It can help to greatly speed-up checks on 
a faulty MIDI system. It can also save a lot 
of time if non-technical friends with MIDI 
equipment tend to present you with sets of 
MIDI leads for testing on your multimeter. 


OPERATING 
METHOD 


On the face of it, all the tester has to do 
is feed five signals down the conductors of 
the cable, and have five indicators to show 
whether or not these signals make it to the 
other end of the cable. This method will 
indicate any breaks in the conductors, but 
it will not show any short circuits between 
conductors. With leads that use moulded 
plugs it is unusual for short circuits to oc- 
cur, but with ordinary DIN plugs these can 
easily arise where multi-strand wires have 
partially come adrift and frayed. 

The tester to be described here has five 
l.e.d. indicators, one for each pin of the 
5-way DIN connectors. These are driven 
one at a time, so that any short circuits will 


192 


be indicated by two or more |.e.d.s coming 
on simultaneously. A break in the cable 
will, of course, be indicated by one or more 


_ L.e.d.s failing to switch on. 


MIDI 
The block diagram of the MIDI Lead 
Tester, Fig. 1, shows how this simple 


_ scheme of things is implemented in prac- 


tice. The sequential outputs are provided 
by a one of five decoder, which is driven by 
a low frequency clock oscillator. 

The decoder has five outputs (“‘0” to 
4”) which go high, in sequence, for one 
clock cycle per output. The decoder cycles 
continuously, with output “0” going high 
for one clock cycle after output “4” has 
had its turn. 


OF 5 


L.F, 
OSCILLATOR DECODER 





Each clock cycle lasts about one fifth of a 
second, so that things progress at a slow 
enough rate for the testing of each connec- 
tor to be clearly seen. On the other hand, 
the decoder is cycled at a fast enough rate 
to permit leads to be thoroughly checked in 
just a few seconds. 

The suspect MIDI lead is plugged into 
the tester, and it should carry the signals 
to a five l.e.d. display. A faulty lead will 
scramble the signals in some way, which 
will be clearly indicated by the l.e.d. dis- 
play. 

In order to use the unit properly you 
need to know a little about MIDI leads, 
and the methods of interconnection that 
they use. This is something that is fully 
explained at the end of this article. 


CIRCUIT 
OPERATION 


The full circuit diagram for the MIDI 
Lead Tester is shown in Fig. 2. The clock 
oscillator is based on a low power 555 





Fig. 1. The MIDI Lead Tester block diagram. To avoid misleading results, the con- 


nectors are tested one at a time. 


Fig. 2. Complete circuit diagram for the MID/ Lead Tester. 


IC1 | IC2 
4017BE 


ICM7555 
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timer (IC1). This is used in the conven- 
tional astable circuit, and it oscillates at 
approximately 5Hz. 

A low power version of the 555 is used in 
order to keep the current consumption of 
the circuit down to a reasonable level. The 
circuit will work using an ordinary 555, 
but it would probably then need a higher 
capacity battery. 

The CMOS 4017BE (1-of-10 decoder), 
acts as the one-of-five decoder IC2. A five 
output decoder of this type seems to be 
unavailable, but eight and ten output types 
are produced. 

In this case a one-of-ten decoder is used, 
but it has output ‘‘S”’ (pin 1) coupled to its 
reset input (pin 15). Thus, as output “4” 
goes low again, and output “5S” goes high, 
the device resets itself to zero and output 
“0” goes high. This effectively eliminates 
outputs ‘‘S”’ to ““9°’, and gives the required 
one-of-five action. 

Output socket SKI is driven from IC2 
via separate current limiting resistors (R3 
to R7). Apart from limiting the l.e.d. cur- 
rent to a suitable figure, these also ensure 
that any short circuits in the lead under test 
cannot cause damage to IC2. The five in- 
dicator l.e.d.s (D1 to D5) are simply wired 
from input socket SK2 to earth (B1-ve). 

The current consumption of the unit is 
well under a milliamp when no l.e.d.s are 
switched on, and about six milliamps when 
a l.e.d. is activated. A PP3 size battery is 
therefore perfectly adequate as the power 
source. 


CONSTRUCTION 


The circuit board is a piece of 0-1 inch 
pitch stripboard which has 39 holes by 15 
copper strips. The component layout and 
details of the underside breaks required in 
the copper tracks is shown in Fig. 3. 

This is not a size in which the board is 
sold, so it must be cut down from a larger 
piece using a hacksaw. Cut along rows of 
holes rather than trying to cut between 
them. This will probably give some rough 


COMPONENTS 


Resistors 


R3 to R7 1k (5 off) TALK | 


All0:25W 5% carbon film page 


Capacitors 
cl 100 radial elect., 10V 


C2 100n polyester 


Semiconductors 
D1 to D5 Red panel l.e.d.s (5 off) 
1C1 ICM7555 CMOS timer, or 
similar low power 555 
iC2 4017BE CMOS 1-of-10 
decoder 


Miscellaneous 
B1 9V battery (PP3 size), with 
connector 
S1 SPST sub-min toggle 


switch 

SK1, SK2 5-way (180 degree) DIN 

socket (2 off) 

Plastic case, , about 148mm x 90mm x 
53mm; stripboard, 0-1 in. matrix, size 39 
holes by 15 strips; 8-pin d.i.l. holder; 
16-pin d.i.l. holder; connecting wire; 
solder, etc. 


Approx cost £ (?] 
guidance only 
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Fig. 3. Stripboard component layout and details of breaks required in the underside 
copper strips. 

Fig. 4. Interwiring to off-board components and leads to circuit board. Use this 
diagram in coryunction with Fig. 3. above. 
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Layout of component and wiring inside the case. The battery sits on the bottom of the case to the right of the circuit board. 


edges, but these are easily filed flat using a 
small file. Stripboard is not particularly 
tough, and it must therefore be worked 
with reasonable care. 

Next drill the three mounting holes (refer 
to Fig. 3 for details of the board). Use 
6BA or M3 fixings which require 3-3 mil- 
limetre diameter mounting holes. If you use 
plastic stand-offs, the size of the mount- 
ing holes must be selected to suit the par- 
ticular stand-offs used. The 25 breaks in 
the copper strips on the underside of the 
board should then be made. A special tool 
for cutting the strips is available, but a 
hand-held drill bit of about 5 millimetres in 
diameter will do the job quite well. 

The board is now ready for the com- 
ponents and link wires to be fitted. [C2 is a 
CMOS device which consequently requires 
the usual anti-static handling precautions. 
The most important of these is to fit [C2 
onto the board via a holder instead of 
soldering it directly onto the board. 

Do not remove IC2 from its anti-static 
packing and plug it into place until the unit 
is, in all other respects, finished. Try to 
handle [C2 as little as possible once it is has 
been removed from its packing. 


The timer 1.c., IC] does not require any 
special handling precautions, but the use of 
a holder for this component is still recom- 
mended. Note that [Cl has the opposite 
orientation to [C2. 

Fitting the other components and the 
link wires on the board is quite straightfor- 
ward. However, be careful to fit the 
electrolytic capacitor Cl the right way 
round. Capacitor C2 must be a miniature 
printed circuit mounting (7-S5mm _ pitch) 
type if it is to fit into this layout easily. 

The link wires can be made from 22s.w.g. 
tinned copper wire, or the trimmings from 
the resistor leadout wires will probably be 
suitable. Fit single-sided solder pins to the 
board at the points where connections to 
off-board components will be made. Tin 
these pins with a generous amount of 
solder. It should then be easy to make good 
connections to them. 


CASE 


The prototype is housed in a medium 
sized plastic box, but this is somewhat 
larger than is really necessary. The unit 
should fit into quite a small case without 
too much difficulty, provided you can find 


The completed M/D/ Lead Tester showing layout of components on the front panel. 
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enough front panel space to accommodate 
the on/off switch, the five l.e.d.s, and the 
two sockets. From the electronics point of 
view the layout of the unit is not critical, 
but try to lay things out sensibly so that the 
unit 1s easy to use. 

There is a fair amount of point-to-point 
wiring, and this is shown in Fig. 4. This 
diagram should be used in conjunction 
with the circuit board layout, Fig. 3. 

For example, point “A” in Fig. 3 con- 
nects to point “‘A” in Fig. 4. The cathode 
(k) terminal of a l.e.d. is normally indi- 
cated by this lead being shorter than the 
anode (a) lead. There are a few exceptions 
though, and it might be worthwhile check- 
ing this point in the retailer’s catalogue 
before wiring up the l.e.d.s. 


IN USE 

With the Midi Lead Tester unit switched 
on and no MIDI lead connected, none of the 
l.e.d.s should come on. If a piece of wire is 
used to temporarily connect a pin of one 
socket to the equivalent pin of the other 
socket, the corresponding panel I.e.d. should 
flash about once per second. It is a good idea 
to check all five pairs of pins in this way to 
check that the unit is fully operational. 

A standard MIDI lead has the two pin- 
2’s (the middle pins) interconnected by the 
screen of the cable. Pins 4 and 5 on one 
plug are connected to pins 4 and 5 of the 
other plug via two inner conductors of the 
cable. Pins 4 and 5 are the ones on either 
side of pin 2 incidentally. Pins 2 and 3, 
which are the ones at opposite ends of the 
arc of pins, should not be connected. 

This means that with a standard MIDI 
lead connected to the unit, only the middle 
three l.e.d.s of the display should operate. 
In practice many MIDI leads seem to have 
all five pins interconnected. One reason for 
this is that many of the leads which are sold 
as MIDI types are actually audio cables. 

Note that some five-way DIN audio 
cables have the plugs cross-connected, and 
are therefore unsuitable for MIDI use. 


Everyday with Practical Electronics, December 1992 


plied 





These can easily be detected using this 
tester, as with one of these leads the display 
l.e.d.s will “move” in the wrong direction. 

Some MIDI leads supplied with equip- 
ment from respectable manufacturers seem 
to have pins 2 and 3 interconnected. Pre- 
sumably these leads are purpose made 
MIDI types, but have pins 2 and 3 con- 
nected in case they are utilized in some later 
MIDI implementation. 

Anyway, if the middle three l.e.d.s 
operate properly, or all five l.e.d.s operate 
in the correct order, the lead should be 
usable. It is only if one or more of the 
middle three l.e.d.s fails to operate, or more 
than one l.e.d. at a time switches on, that 
the lead is faulty. 


TOR Ra ee 


BE FLEXIBLE 


If the middle l.e.d. fails to operate, the 
lead will still carry MIDI information cor- 
rectly. However, the screening may not be 
earthed properly, and strong radio inter- 
ference might be radiated by the cable. 


When checking any cables it is always a 
good idea to flex the leads slightly, and to 
gently pull the cable away from each plug. 
A fair percentage of cable problems in- 
volve intermitted faults. You can find that 
a lead passes a test, but fails to operate 
when it is put back into the system. Flexing 
and gently tugging the lead will encourage 
any intermittent problem to occur while the 
lead is being checked. 


The popular Atari ST computer has a 
non-standard implementation of the MIDI 
OUT and THRU sockets. These should be 
separate sockets with the signals carried by 
pins 4 and 5. Instead, these two functions 
are combined in a single socket with pins 4 
and 5 carrying the OUT signal. Pins 2 and 
3 carry the THRU signal. 

An ST combined THRU and OUT lead 
is therefore a twin cable which has a single 
plug at the ST end. This couples through 
to the OUT plug in the usual way. How- 
ever, pins 2 and 3 couple to pins 4 and 5 of 
the THRU plug. Obviously this tester can 
check these leads, one section at a time, and 
can show which is the OUT plug and which 
is the THRU plug. O 
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OFFENSIVE MNEMONIC 
Dear Ed., 

One of my constituents has drawn my 
attention to the 7each-/n ‘93 article in 
the November edition. The article deals 
with a resistor colour code and suggests 
a mnemonic to remember the colours. 

My constituent found this mnemonic 
offensive and so do I. | think that, in this 
day and age, it is totally inappropriate 
that such mnemonics should be sug- 
gested particularly in magazines that will 
find themselves in schools and colleges. 

As a member of the Education Com- 
mittee of our Regional Council | will be 
taking this matter further if | do not 
receive a satisfactory explanation from 
you. | think it shows a distinct lack of 
imagination that a mnemonic could not 
be devised that was unoffensive. 

Councillor Des Loughney 
Lothian Regional Council 

/ am sorry that we have offended you 
with the mnemonic. Your point 1s taken 
and on reflection | agree that we should 
have come up with something different. 
The published version has been in use in 
education and the electronics industry for 
more than 30 years and | must admit we 
published it without due consideration. 

We would like to offer a years sub- 
scription to EPE plus a binder (worth 
£25.95 in total) for the best alternative 
colour code mnemonic sent in by a reader 
before December 31st 1992. The winner 
will be published in EPE. 


P.C.B. OR NOT P.C.B. 

Recently you published a series of ar- 
ticles on printed circuit boards and it was 
this that prompted me to write in. 

| have been an electronics hobbyist for 
many years. For a long time, | believed 
that the p.c.b. was the “‘best’’ way of 
making circuits. Many, if not most, of 
your readers believe the same. Well, | 
now think this idea is seriously mis- 
guided. Let me explain. | 

When you see just how widespread 
the printed circuit ‘is it is easy to im- 
agine that there is some natural law 
of electronics which demands its use, 
but this isn’t so. In fact they are a 
recent development, not appearing until 
the 1940's, and despite their seduc- 
tive good looks they have a number of 


serious disadvantages. They are difficult 
to design, time-consuming to make and 
impossible to repair (ever tried removing 
a component from a board)? 
‘If all this is so, then why are they used 
so much? Because they have one big 
advantage: reliability. For a manufacturer 
this feature of reliability completely out- 
weighs the disadvantages and this ex- 
plains how p.c.b.s have taken over. 
However, it is important to see this 
in perspective. The concept of statistical 
reliability has no meaning for the hob- 
byist who makes a single copy of a circuit 
and can fix it if it fails. For him, the dis- 
advantages of the p.c. method, outlined 


above, can make it a poor choice. 


| take the view that for the hobbyist it 
is a better bet to use matrix board. The 
recent introduction of wiring pens has 
made this method of construction rather 
easy. Additionally, by using the new in- 
sulated wires it is possible to implement 
complex digital circuits where the wiring 
looks like spaghetti and where using a 
p.c.b. is out of the question for an amateur. 
There is nothing inherently right or 
wrong about the p.c., only its application. 
| feel many are using it inappropriately. 
My advice is just to think before you etch. 
B. Clothier 
Wallington 
We agree with much of what you say, 
however the biggest advantage of the 
p.c.b. to the hobbyist. when made from a 
published design, Is the virtual elimina- 
tion of wiring errors. In our opinion 
this generally outweighs the cost and/or 
production time etc. — Ed. 


MICROSOFT OK? 
Dear Ed., 

| am writing about the item by Barry 
Fox in Everyday Electronics September 
1992. Although || have no connection 
with Microsoft, or to Bill Gates, | feel 
that Barry has been unfair to them, and 
showed himself to have a poor grasp of 
the history of the PC. 

Surely the present growth in the 
marketing of DIY PCs — where you buy 
components, a motherboard, hard disk, 
floppy drives, VGA card etc. — shows the 
(almost) true compatability standard set 
by the IBM PC. Unfortunately, the 
standard is now old technology, with 
local bus and EISA techniques trying to 
increase speed and performance while 
still maintaining compatability with the 
early machines. 

Bill Gates business acumen aside, 
Microsoft did not ‘condemn some 70 
million people (to using MS-DOS)’. 
When the original IBM PC was made it 
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was designed to run CP/M-80 — a now 
seriously outdated operating system. 
MS-DOS was released as another option 
which the market chose. It is a conse- 
quence of the market's decision at the 
time that 70 million people now use 
DOS. 

The limit of 8-character file names is 
again a hangover from CP/M. By the way 
— | work in the real world, with many 
other people, all of whom use text files, 
and no one | have asked considers the 
fact that the operating system places 
limits on filenames remotely daft. 

As for your scornful opinion of Win- 
dows 1.0, any software package evolves 
from the original, through (often) several 
stages towards the present ‘‘best-ever’’ 
version. So what if windows is now on 
3.1, Wordstar is now in version 7! And 
DR-DOS a non-Microsoft operating sys- © 
tem is on version 6, 1 ahead of MS-DOS. 
When DOS was originally released, PCs 
were mainly used by people who knew 
what they were doing, or at least, knew 
the dangers involved in delete or format 
situations. Of course safe format and 
unerase commands should have been 
implemented earlier. | for one would have 
used them many times! However, the 
extra steps involved in the execution of 
such commands, or rather in the delete 
and format commands have in the past 
added extra time to the execution, and 
hence were ‘undesirable’ until of course 
you needed the files back! 

Half way through your column we 
come to what could be the reason for 
your violent dislike of Bill Gates and 
Microsoft — he wouldn't give you an 
interview. Id call that a childish attitude. 

| use Windows 3.0 at work. | don't like 
it, but | use it. Although | can see your 
point about taking quite a while to in- 
stall Windows 3 itself. Installing applica- 
tions afterwards is childs play, and while 
| would also query the times taken to 
master windows software, certainly many 
people could learn enough in two and a 
half hours to use any windows software. 

Most windows software packages 
these days do actually have the necessary 
PIF files to enable them to run properly. 

If | was the ASA | would not take your 
side, especially since many PC’s these 
days come with windows pre-loaded. 

In short, your column was not what | 
would have expected from a professional 
electronics and computer journalist. It 
was inaccurate, ill-informed and biased. 

James Ogden 
Hemel Hempstead 

Everyone is entitled to their opinion — 

the ASA upheld Barry's complaint — Ed. 
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Jottings of an electronics hobbyist —Terry Pinnel! 





ROOM FOR 
IMPROVEMENT 


I wonder if I’m unusual in needing so 
much space for this hobby? 

My electronics gets done in what started 
out a long time ago as a spare bedroom. 
Recently I started working from home, so 
this room had to become my office too. 
Computer, printer, files, stationery and so 
on, all began to compete for space with 
what was once the exclusive domain of my 
electronics paraphernalia. 

Something obviously had to go, to the 
loft to be precise, but deciding what to 
banish was not easy. Keeping workbench 
gear like power supply, ’scope, meter, etc, 
were obvious choices, together with basic 
component supplies and tools. And my 
books stayed too. But the bulk of my 
magazine back-copies now sit on im- 
provised shelves under the rafters. A few 
months have passed and I’m beginning to 
regret it though. 

I used to look up circuit ideas or design 
tips, either browsing or, in my earlier more 
disciplined phase, referring to a card in- 
dex file of “Circuit References’, regularly 
updated. But the trip to the loft usually 
proves just too much of a dis-incentive 
now. Not that it still wouldn’t be worth the 
effort if judged on any objective basis. 

Compare the time involved in re-invent- 
ing a nifty circuit from scratch on your 
workbench armed with breadboard and a 
vague recollection of the article, with say 
half an hour in the loft — providing of 
course you ignore the real risk of digressive 
browsing! 

A few years in the future I suppose my 
dilemma will be resolved by the availability 
of inexpensive microfiche facilities or some- 
thing similar. Or perhaps a versatile scan- 
ner will allow me to store and classify text 
and graphics from EPE April ’95 straight 
into my PC, for easy later retrieval. 

Another decade on, maybe I'll read the 
networked monthly issues direct from the 
screen of my PC, with auxiliary wall- 
mounted units strategically located in 
bathroom and bedroom, so indexing and 
retrieval of old data will be a matter of 
course. Meanwhile I shall have to either 
re-prioritise the stuff in this room or 
reconcile myself to those nuggets of 
information just gathering dust a few feet 
above my head. 


JUSTIFYING THE JUNK 


This maxim of “out of sight, out of 
mind” also applies to what would probably 
be unkindly described by non-hobbyists 
(and maybe some hobbyists!) as my junk 
collection. I’m a self-confessed hoarder and 
over the years I’ve accumulated a pile of 
unclassifiable bits and pieces. Hardware 
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of all shapes and sizes, strange plugs 
and sockets, motors, springs, nuts and 
bolts (separated, all apparently with in- 
compatible threads), solenoids, unidentifi- 
able transistors and i.c.s, electro-mechani- 
cal sub-assemblies that once presumably 
did something useful, and so on — by the 
box-full. 

Most of this stuff once saw the inside of 
component suppliers and surplus shops 
throughout the country, with Edgware 
Road and Tottenham Court Road featur- 
ing strongly. It was always clear beyond 
question to me that at those give-away 
prices such miscellaneous items were ob- 
vious bargains and that I would undoub- 
tedly be using them in many projects. 
While some of them have certainly been 
used effectively, at the going rate I reckon 
another few centuries of constructing will 
be needed to make an appreciable dent in 
the remaining stocks. 

But another category of my junk bears 
closer scrutiny. For several years I used to 
stockpile all sorts of domestic flotsam and 
jetsam. And much of it has been put to 
good use. Disposable razors, whose plas- 
tic handles can be cut to size for handy 
spacers; old pens for coil formers; aerosol 
can tops to hold miniature loudspeakers 
and so on. And a variety of things have 
made useful low cost project cases, such as 
slide photograph holders, square section 
plastic guttering and tobacco tins by the 
dozen. Nor does the lowly origin and zero 
cost of the source materials have to mean a 
poor quality of finish. 


YESTERDAY'S PROJECTS 


Finished projects of infrequent use were 
another obvious candidate for removal 
to the loft. Out went the meticulously 
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calibrated Accented Beat Metronome, the 
Random Light Flasher, the Dual Train 
Controller, the Electromagnetic Pulser, and 
a score of other devices, each no doubt the 
focus of my enthusiasm in their time, now 
long gone. 

Even my more recent Electronic 
Mousetrap was a casualty of the clear-out. 
After its acclaim in that first week of use a 
while ago, when it made a_ successful 
capture six nights running (the bemused 
mouse being released by A Kind Human in 
the mornings) I’ve been underwhelmed 
with demand to loan it out. 

In fact I probably was not stringent 
enough. Taking a hard look at the stuff 
still on my workbench and shelves, I have 
to say that a lot of it gets too little use 
to justify being kept down here. I can’t 
remember when I last used such things as 
my FET Tester, Crystal Calibrator, AC- 
to-DC Converter, Beat Frequency Oscil- 
lator or Mains Detector, to name just a 
fraction. 

Trouble is, if I had a really rigorous 
prune and moved out everything except the 
hard core essentials, you can be sure that 
within days something would trigger a 
renewed burst of enthusiastic experiment- 
ing or constructing and down again it 
would all have to come. 


AUTOMATIC LIGHT 


I recall the loft lights being left on once 
for a couple of weeks by mistake; seven 
bulbs, mainly 150W, so we’re talking about 
a kilowatt. So with the increase in loft- 
going traffic, I’ve installed an automatic 
light (Fig. 1.) It 1s activated by a micro- 
switch mounted above the trapdoor so 
that the microswitch is open when the loft 
ladder is in its horizontal, stowed-away 
position and closed as soon as it is lowered 
onto the landing. So the lights go on when 
anyone goes up and, more importantly, go 
out when they come down. 

The uniyunction relaxation oscillator 
TRI produces sharp pulses at around 
400Hz, coupled with complete isolation via 
the pulse transformer to drive the triac. 
The transformer was simply a small coil 
with a core, stripped of its original winding 
and rewound with two layers of about 40 
turns of 34 s.w.g. enamelled wire, with a 
good layer of insulation tape between 
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Fig. 1. Automatic light switching circuit. 
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them. Even for someone as clumsy as me, 
this is fairly easy because the sort of coils I 
mean have four legs, making convenient 
anchor points for the wire. I have dozens of 
formers from one of my “‘bargain pack” or 
surplus purchases. Alternatively a less neat 
transformer can be wound on a 13mm 
piece of 6mm diameter ferrite rod. 
Together with the 22n capacitor (C2) the 
choke (L1) forms a filter to minimise r.f. 
noise. It can be made by winding about 50 
turns of 20 s.w.g. enamelled wire onto a 


20mm length of 10mm diameter ferrite rod. 

The triac should suit your needs. I like 
a lot of illumination when I’m groping 
around in our loft, and my string of large 
bulbs now numbers seven. I therefore used 
an 8A triac, and chose one with an isolated 
tab to avoid worrying too much about 
insulation. 

From a tin can that probably started 
life looking after baked beans, a strip was 
cut about 150mm long and 20mm wide, 
doubled up on itself, drilled with a neat 


hole near one end, then folded into a U- 
shape and used as a small heatsink for the 
triac. (Just in case you are wrong about 
your triac’s tab being isolated, if you are 
curious about how warm the heatsink gets, 
unplug the mains before touching it!) 

The circuit was cased in a tobacco tin, 
suitably earthed of course and with a SA 
mains fuse in the supply. By the way, please 
don’t build this circuit if you are unfamilar 
with mains wiring — we would hate to loose 
any readers. 
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Mini Lab (Teach-In ‘93) 

Before we tackle the components for this 
month's Mini Lab project, we have some 
welcome news from two of our advertisers. 

The first concerns the specified Verobloc. 
We were surprised to learn that Maplin no 
longer carry this item. However, thanks 
to the good offices of Greenweld 
Electronics, who do carry stocks, they are 
making a special offer to readers. 

If any reader orders the two ‘‘bread- 
boards” from them (£13:70 plus £2:75 
p&p), Greenweld will give them a Free low 
voltage 12V to 24V a.c./d.c. 6W soldering 
iron whilst stocks last (see their advertise- 
ment). You must request the iron when 
ordering. Having seen the iron, its tempting 
to add a car cigar lighter plug to the leads 
and keep it in the car tool box for emer- 
gency breakdown repairs. 

We have received a few comments from 
readers that ordering the correct com- 
ponents from all the various sources 
mentioned last month ‘adds considerably 
to the cost when each postal charge is 
taken into account.’ This point has been 
taken up and we are pleased to report that 
Magenta Electronics have put together 
a selection of kits, including a complete 
package, at prices to suit differing require- 
ments (see their advertisement). The com- 
plete kit does not, of course, include the 
Micro Lab demonstration package to be 
described towards the end of the series. 

Back to this month's L.E.D. Voltmeter 
project. Apart from the toggle switch 
(covered in last months roundup) and the 


10-segment l.e.d. bargraph module, all 
components should be fairly readily avail- 
able. 

The bargraph module is available from 
Maplin, code BY65V; Electromail, code 
588-027 and Farnell, code MV57164. You 
can, of course, use individual rectangular 
l.e.d.s. 

The Mini Lab p.c.b. is only available 
through the EPE PCB Service see page 
835. Please remember that in consideration 
of the effort by both Authors which went 
into the Mini Lab design, the copper track 
layout remains Copyright Dytronics 1992. 


Universal Infra-red Remote Control 

If any constructors have difficulties find- 
ing a local source for the transmitter, in- 
fra-red amplifier and receiver chips, they 
are currently listed by Electromail (4 
0536 204555), codes 658-491, 301-527 
and 658-508 respectively. 

If you wish to take advantage of the 
32-way key switching possibility you will 
have to use two 16-way membrane 
keypads. These are available from Maplin, 
code JYO4E. They also supplied the small 
keypad shown on the model, JMO9K. 

The printed circuit boards are available 
as a pair from our PCB Service, code 
811T/R. 


Combination Switch 

Finding the combination switch i.c. for 
the Combination switch project was quite a 
task. The UA3730 switch i.c. is available 
from Maplin, code UM98G, but was very 





difficult to find in their “semiconductor 
listing’. The keypad (JMO9K) and other 
semiconductor devices were obtained from 
the same source. 

The printed circuit board is available 
from the PCB Service, code 812 (see page 
835). 


Christmas Lights Colour Spectrum 

We cannot foresee any component 
buying problems for anyone wishing to 
build the Christmas Lights Colour 
Spectrum project. However, you must take 
extreme care when testing the unit as mains 
voltages are present. 

The p.c.b. can be purchased through our 
PCB Service, code 813. 


Auto-Switch Add-On 

The twin coil d.i.l. relay used in the Auto- 
Switch Add-On prototype was the 5V ver- 
sion from Electromail (4 0536 204555) 
code 351-689 (12V version 351-695). A 
suitable ultra-miniature switch for the small 
“‘pill’’ box version would be one of the 
“tactile click effect’’ ones from Maplin, 
JR89W. 


Midi Lead Tester 

We do not expect any component 
buying problems to be encountered when 
shopping for parts for the Midi Lead Tester. 
The l.e.d.s are widely available in small 
panel mounting housings. 


PLEASE TAKE NOTE 
Battery/Mains Inverter — 
Daughter Board 

Please note the annotations in ‘‘brack- 
ets’ on the two i.c.s. in Fig. 2 of 
the Battery/Mains Inverter- Daughter Board 
have been transposed. 

As the two i.c.s. have different pin 
counts, they can only be inserted on the 
printed circuit board in one position and 
should not, we hope, have caused any 
problems. 
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SUPPOSE that with any hobby there 

will be some tasks that you enjoy 
more than others. Probably in common 
with many electronic project builders, | 
find the, electronics side of the hobby 
more absorbing and rewarding than the 
purely mechanical aspects. 

One facet of project construction that | 
definitely do not like much at all is 
making large cutouts. If you happen to 
have the perfect equipment for this type 
of thing, then it is probably enjoyable. 

Unfortunately, the perfect equipment 
is a power fretsaw fitted in a sort of com- 
bined stand and work-top. These tend to 
cost rather more than most electronics 
hobbyists’ annual expenditure on com- 
ponents and tools. 


COPING WITH CUTOUTS 


There are alternatives to an electric 
fretsaw, and the obvious one is an ordi- 
nary hand fretsaw. One of these fitted 
with practically any fairly fine-toothed 
blade will cut quite well through an 
aluminium or plastic panel. Whatever tool 
you use, Cutting through steel panels is 
likely to be slow work. Unless you have 
tools that are really up to this type 
of thing | would strongly recommend 
that steel cases are avoided if any large 
cutouts will be needed. 

A fretsaw enables cutouts of any shape 
to be produced, at the edge and within a 
panel. In the case of cutouts within a 
panel a small starting hole must first be 
drilled somewhere within the perimeter of 
the required cutout. The blade is then 
threaded through the hole and fixed into 
the saw. 

Fretsaws are rather unwieldy due to 
the largeness of their frames. Coping 
saws have substantially smaller frames 
and are much easier to use, but cannot 
reach into the middle of large panels. 





Techniques | 


ACTUALLY DOING IN 
by Robert Penfold 





Where a coping saw has sufficient reach 
to make the required cutout, it is a better 
choice. 

With either type of saw it is impor- 
tant that the panel is firmly clamped in 
place, and that you take your time. Rush- 
ing things will almost certainly produce 
poor cutting accuracy anda lot of broken 
blades. 

Even if things are taken slowly and 
carefully, one or two blades are likely to 
be broken while making a large cutout. 
Presumably this is why fretsaw blades are 
usually sold in packs of a dozen or more! 


GETTING THE NEEDLE 

Miniature round files (also known as 
“needle” files) offer a good alternative 
to coping and fret saws. They do not 
provide quite the same degree of preci- 
sion, but they are adequate for the vast 
majority of cutouts. 

Some of these files fit into a combined 
handle and frame which is very much 
like a coping saw. These are quite fast 
and easy to use, but like a coping saw 
they cannot reach the parts of a panel 
that fretsaws and ordinary needle files 
can reach. 

Ordinary needle files are basically just 
scaled down versions of the full-size 
products. Unfortunately, in most cases 
the handles and not just the files them- 
selves are scaled down. This makes them 
difficult to hold, so that producing large 
cutouts with one of these files can be a 
bit awkward and time consuming. 

-Take things slowly though, or the 
file may slip out and smash into the 
panel. This will badly scratch the panel, 
and could well do the same to you. 
A needle file probably represents the 
cheapest means of making cutouts that 
is reasonably practical, but you need 
patience when using one of these tools. 


Making a ring of holes and then joining them using a needle file is quicker than 


making the cutout using the file alone. 
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One way of speeding things up when 
using a needle file for large cutouts is to 
drill a series of small and closely spaced 
holes just inside the perimeter of the re- 
quired hole — see photograph. The file is 
then used to join up all the holes, leaving 
what will be a rather rough cutout. 

However, the rough edges can soon be 
filed out to a neat finish, and there is not 
much point in trying to make the initial 
cutout at all neat or tidy. It is really just 
a matter of making sure that the initial 
cutout is kept within the perimeter line. 


JIGSAWS 

These days many household tool kits 
are equipped with a power jigsaw. For 
most work in the current context these 
are too large and cumbersome, although 
| suppose they may be satisfactory for 
some project work. 

Miniature or “precision” jigsaws are 
more suitable, and will permit many 
cutouts to be made quite quickly and 
easily. Miniature jigsaws do not permit 
intricate shapes to be cut with quite the 
same degree of precision as with a 
fretsaw, but they are adequate for the vast 
majority of cutouts. 

If you have a miniature electric drill for 
making holes in printed circuit boards, 
there may be a precision jigsaw attach- 
ment available for this drill. An attach- 
ment of this type is substantially cheaper 
than a precision jigsaw, but should 
be adequate for cutting through thin 
aluminium and plastic panels. 


QUICK NIBBLE 

A hand nibbler tool almost certainly . 
represents the quickest means of produc- 
ing cutouts. These tools vary somewhat 
in their appearance and design, but they 
all operate in basically the same fashion. 
This is a vaguely scissor-like tool which 
literally nibbles out little rectangles of 
material. 

Results with aluminium are good using 
one of the better quality nibblers, but | 
could not recommend them for use with 
steel. They are usable with some plastics, 
but will simply shatter hard plastics. 

There is a knack to using a nibbler, but 
quite accurate results can be produced 
after some practise has been gained on 
some scraps of aluminium sheet. It is 
not possible to make small and intricate 
cutouts using these tools as they make 
much wider cuts than a saw blade. The 
cut is usually about three or four mil- 
limetres wide. They can be used for quite 
small rectangular holes and the like, but 
are at their best when large irregular 
shaped cutouts are needed. 

Obviously it is not possible to make cuts 
with curved edges when using a nibbler, 
since it has to make a series of short but 
straight cuts. You can make a pseudo 
curved cut just within the perimeter of the 
cutout, and then carefully file this out to - 
precisely the required shape. 

Unless you are very skilful, it is best to 
use a similar approach when using any of 
the tools mentioned so far. Otherwise it is 
very easy to stray onto the wrong side of 
the cutting line here and there, which in 
some cases will result in an unusable end 
product. 

Nibbler attachments for electric drills 
are now available. These are relatively ex- 
pensive though, and are probably a bit 
“over the top” for most electronic project 
work. It is probably fair to say that most 
of the attachments for full-size electric 
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drills are of little use for project construc- 
tion, where you normally require preci- 
sion rather than the ability to zip through 
large work pieces at great speed. 


MAKING YOUR MARK 

When making any cutout it is impor- 
tant that the perimeter of the required 
cutout is very clearly marked, so that it 
can be clearly seen while you are working 
on the panel. Making a short cut, looking 
to see how accurate it was, then making 
another short cut, looking again, and so 
on, is a sure way to produce some poor 
quality results. It also gives very slow 
progress. 

Marking clearly visible lines on most 
aluminium and plastic panels is not easy. 
Faint pencil marks or scribed lines may 
be satisfactory if you have very good 
eyesight, but are inadequate for many 
people to see clearly when working on a 
panel. Some fibre-tipped pens which 
have spirit based inks will give more 
distinct lines, but most of these produce 
quite broad lines which will not give 
sufficient accuracy. 

A commonly used ploy is to fix some 
paper or thin card over the panel, and 
to then mark the lines onto this using 
any pen or pencil that gives a fine dark 
line. The paper or card needs to be easily 
removed once the drilling and cutting has 
been completed. 

A few pieces of double-sided ad- 
hesive tape are probably the best method 
of fixing the card in position on the 
panel. An advantage of this method is 
that it gives the panel some protection 
against accidental chips and scratches, 
particularly if thin card is used. 

It is very important to check carefully 
that the marking-out of the panel has 
been done correctly, particularly with 
larger projects where mistakes are more 
easily made (and potentially more expen- 
sive to fix). Placing each front panel 
component over its respective place on 
the panel before starting any drilling 
or cutting should highlight any dis- 
crepencies. If there is a hole too many, a 
hole missing, a cutout marked too large, 
not enough space reserved for a com- 
ponent, or anything of this type, the 
mistake will become obvious once every- 
thing is placed in position on the panel. 

Once a mistake has been made it can 
be very difficult to correct it. If a hole has 
been omitted, then it will probably be 
possible to accommodate it somewhere 
on the panel. The panel layout might look 
a bit odd though, and the finished unit 
might not be very easy to use. 





A nibbler provides a quick means of making large irregular shaped cutouts. 





punch (right). 


Holes or cutouts that are made too 
small can be enlarged fairly easily, al- 
though with a large cutout a lot of time 
consuming filing may be required. An ex- 
tra hole or accidental damage to a panel 
can be covered over with a veneer, such 
as a self-adhesive brush aluminium effect 
veneer. 

With cutouts that have been made too 
large there is no easy solution. It might be 
possible to make a cutout of the right size 
in a small aluminium panel and then glue 
this in place behind the incorrect cutout. 

However, if a major mistake is made it 
is best to discard the panel and start again 
from scratch. It is much better to proceed 
carefully and get it right first time. 


ROUNDING OFF 

Where large round holes are required 
there are some quite quick ways of 
producing them. Chassis punches have 
been mentioned more than once before 
in “Actually Doing It’ over the years, but 
it is worthwhile mentioning them again. 

This seems to be a type of tool which 
is largely unknown outside the field of 
electronics, but a chassis punch is use- 
ful whenever a large (up to about 30 
to 35mm in diameter) circular hole is 
needed in thin sheet metal. They also 
work quite well with softish plastics in- 
cidentally. 

A chassis punch is basically a large nut 
and bolt — see photograph. A hole for the 
bolt must first be drilled, and the nut and 
bolt are then fixed in place. 

The “nut” is actually a circular cutting 
blade of the appropriate diameter, and an 
allen key is used to tighten the bolt to the 
point where the blade is forced right 
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The constituent parts of a chassis punch plus an allen key (top) and assembled 


through the panel. There is a large cap 
beneath the head of the bolt, and the 
blade goes up into this, together with 
the washer-like piece of metal that is 
punched out of the panel. 

This may seem like a rather crude way 
of making holes, but it is quite fast and 
produces far neater results than any other 
method | have encountered. The holes 
produced are invariably clean and burr- 
free. It is a system which is not restricted 
to round holes, and practically any shape 
could be punched out using an apposite 
cutting blade and cap. 

In practice these tools are only widely 
available in the standard round form, al- 
though there are rectangular types avail- 
able from a few sources (e.g. RS outlets). 
These are designed to make the cutouts 
for particular switches, etc. 

The main drawback of chassis 
punches is that good quality ones are 
quite expensive. | find that 12-5mm and 
16mm diameter ones are very useful for 
making mounting holes for jack sockets, 
DIN sockets, toggle switches, panel 
neons, etc. It is only worthwhile buying a 
larger size if you have a specific purpose 
for it. 

The cheap way of making large round 
holes is to use a reamer. This is a long 
tapered tool having about five cutting 
blades along its full length. There is a 
hole drilled through the top (thick) end 
of the tool, and a metal bar which acts as 
a handle is placed through this. 

The basic idea is to first drill a relatively 
small hole, and to then widen this out to 
the required size using the reamer. Simply 
place the reamer in the hole and rotate it 
until the hole has been increased to the 
appropriate size. 

Some reamers are for small holes from 
around 3mm to 12mm diameter. The 
ones which cover larger sizes from about 
12mm to 30mm are probably the more 
useful though. 

Enlarging holes to diameters of 20mm 
or more can take a fair amount of effort, 
but reamers are very much an economy 
way of doing things. You need to 
proceed carefully with these tools as it is 
easy to slightly overdo things. 

Reamers produce holes that are far 
from burr-free, and you need to allow 
for the fact that the de-burring process 
will slightly enlarge the hole. There are 
special de-burring tools available, but 
when working on aluminium and plastics 
simply trimming away the burrs with the 
blade of a penknife seems to be the 
quickest and easiest method. 
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Teach-In ’93 continues a tradition of offering an interesting and 
thorough tutorial series aimed specifically at the novice or complete 
beginner in electronics. The series is designed to support those 
undertaking either GCSE Electronics or GCE Advanced Levels, and 
starts with fundamental principles to give the student a solid 
foundation before proceeding onto further topics. 











the various GCSE Electronics Syllabuses, which them- 

selves comply with the National Criteria for Science, 
no attempt is made to explain the “physics” behind any 
electronic components. Instead, we are much more inter- 
ested in what they look like and how to use them, rather 
than what makes them work in the way they do. Many 
text books on electronics start with the very dry theory 
of atoms, electrons and semiconductor physics, much of 
which in our opinion may deter the less able candidate: 


[' ACCORDANCE with the recommendations contained in 


apart from being of academic interest only, it can also be a 
bit boring! 

We invited a highly-qualified and experienced Moderator 
and GCE A Level Examiner to join us and the text incor- 
porates his very valuable suggestions to enable Teach-/n 
to have maximum appeal to those candidates undertaking 
GCSE or GCE examinations and coursework. Teach-/n we 
hope will also appeal to the experienced Everyday with 
Practical Electronics reader who might like to brush up 
on his or her theory. 





Cee eee eon eee 


N PART ONE we introduced the fun- 
damental rules which concern voltage, 
current and resistance, and we per- 

ormed several demonstrations on the Mini 
Lab which for now, continues to be powered 
by batteries. We start this month with more 
basic theory and then we will use the Mini 
Lab to help demonstrate more electronic 
principles. 

We now know that electric current flows 
from the most positive to the most negative 
(or least positive) voltage in a circuit. When we 
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use a 6V battery pack, conventional current 
flows out of the positive terminal, through the 
circuit and back into the negative terminal of 
the battery. Remember also that it’s more 
accurate to talk of the “OV” terminal of a 
battery rather than the -6V terminal. 

If we were to draw a graph of the output of 
our 6V battery pack, perhaps connected to a 
simple load like a filament bulb or a resistor, 
when we plot the output voltage V, against 
time, it might look like Fig. 2.1. Ignoring the 
fact that the battery voltage will fall away as 


the battery starts to age or flatten, the volt- 
age level is reasonably constant with time. 

However, many types of electrical signals 
actually vary with time. Fig. 2.2 is a very 
simple system consisting of a battery pack 
and a push switch in series with a bulb. The 
adjacent graph plots the possible states of 
the output voltage and clearly there are two 
possible conditions: on or off The graph 
actually shows a waveform called a square 
wave, although the “squares” could be fairly 
brief “blips” or on the other hand, very long 
pulses. The time period “t” is the time taken 
for one complete cycle to occur. 

In fact, you've just seen your first digital 
signal. These have only two states, being on 
and off or “high” and “low” or “one” and 
“zero”. Digital signals are the language of 
“logic” circuits and microprocessors and we 
investigate them in great depth in Part Six. 

Fig. 2.3 shows a potentiometer (pot for 
short) connected across a 6V battery and the 
output voltage is present at the wiper of 
the pot. By rotating the spindle of the pot., 
you can vary the output voltage V, accord- 
ingly. The resultant graph plot would be a 
wavy line, and how large the peaks and dips 
are depends on how much you rotate the 
spindle of the variable resistor. 

Clearly there is no consistency in the 
waveform, and its shape can vary con- 
siderably. It’s certainly nothing like the 
distinctive on/off digital waveform we saw 
earlier. This type of varying waveform is 
called an analogue signal and they are 
simply wavy lines which have varying states. 


ALTERNATING 
CURRENT 


We mentioned last month how the current 
which flows out of a battery is classed as 
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“direct current” (or d.c. for short) because it 
can only flow one way. Alternating current 
(a.c.) signals are different because they flow 
forwards and backwards and not simply in 
one direction. This could be simulated as in 
the circuit diagram and waveform shown in 
Fig. 2.4. 

This time we have added a second 6V 





battery B2 in series to form 12V d.c. to- 
tal, and this is connected across a poten- 
tiometer. However, we have made a connec: 
tion in between the batteries, which forms a 
“centre tap”. Consider this “tap” as OV (zero 
volts), and therefore think of the battery ter- 
minal voltages as shown, with + 6V wired to 
one end of the pot. and therefore -6V con- 


Fig. 2.1. Graph showing the output voltage versus time of a simple circuit. Vo remains 


constant with time. 





Fig. 2.2. A simple switching system producing a square wave consisting of two states — 


“high” and “low” or “on” and “off’’. 





Fig. 2.3. This simple potentiometer circuit will produce an analogue waveform such as 


that shown in the graph. 


OV OUTPUT VYR1 


VOLTAGE IS LESS THAN OV 





Fig. 2.4. Simulation of an alternating waveform. The output voltage Vo could be con- 
sidered as swinging between +6V and -6V with respect to OV. 
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nected to the other end. The p.d. across 
each battery is still 6V as normal, and the 
overall p.d. across the potentiometer is still 
12 volts (the difference between +6V and 
—6V). 

Now, if we consider the output voltage be- 
tween OV and the potentiometer wiper, we 
have a situation where with the wiper at “A”, 
the potential at the output with respect to 
OVwill be + 6 Volts. 

If we move the wiper to the other end of the 
track (’C”), the output voltage with respect 
to OV becomes —6V. In other words, you can 
actually have an output voltage which is 
below OV. With the wiper at the centre “B”, 
the output voltage will be balanced at OV, 
because the 12V p.d. of the batteries .is div- 
ided in two by the potentiometer, i.e. “A” will 
be at + 6V, “B” will be at OV and “C’” will be 
at —6V. 

It’s difficult to measure the output voltage 
at the pot. wiper (with respect to our OV 
centre tap) with a test meter unless you have 
a special centre-zero voltmeter which can 
swing between plus and minus, with zero in 
the middle: you would then see the output 
action clearly. Alternatively, a digital multi- 
meter will automatically change polarity to 
indicate both positive and negative voltages 
on its digital display, so you could see the 
output voltage swing above or below OV. 

By rotating the spindle of the poten- 
tiometer, we could generate a_ varying 
analogue signal which could be positive or 
negative of OV. A graph of the results might 
look something like that shown in Fig. 2.4. 
Unlike the waveforms shown earlier, notice 
this time how it is possible for the waveform 
to dip into the negative region, below OV, 
depending on how you move the control. 

It’s not unusual for a circuit to require both 
positive and negative supply “rails” — an ar- 
rangement called a “split supply” — though 
the vast majority of the Teach-/n demonstra- 
tion circuits will use a straightforward posi- 
tive rail together with a OV rail. We will look at 
power supplies in more detail next month. 


SINE WAVES 


If you were able to rotate the potentiometer 
spindle at a perfectly timed regular inter- 
val from one limit to the other, the output 
voltage would appear like the undulating 
waveform of Fig. 2.5 which depicts a sine 
wave. 

We can usually measure a d.c. voltage 
simply in terms of its voltage with reference 
to the OV rail, but how can we define a 
waveform like a sine wave? And how can you 
actually measure a waveform like a sine 
wave? 


Az 
AMPLITUDE 


and 
ONE CYCLE 


Fig. 2.5. A sine wave. The frequency of the 
waveform is given by the formula f=1/t 
where t is the time for a complete cycle, in 
seconds. Frequency is measured in Hertz. 
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Several parameters are shown in the sine 
wave of Fig. 2.5 which will help us to define 
its characteristics. The first is how high the 
peaks rise with respect to OV: this is termed 
the amplitude of the sinewave. In our simple 
example, the amplitude A is 6 volts. 

Another important parameter is how fre- 
quently the sine waves repeat themselves. 
The frequency would be determined by how 
quickly you can rotate the spindle back and 
forth between the two end stops of the 
potentiometer: the quicker you can do this 
every second, the higher the frequency. 

The unit of measurement of frequency is 
the Hertz (abbreviated simply to “Hz.”). It’s 
defined as the number of complete cycles 
which occur per second. One cycle is equiv- 
alent to one complete sine wave in this ex- 
ample, as shown in the diagram. The for- 
mula used to calculate frequency is:- 


f = 1/t Hertz 

where f is the frequency (cycles per 
second) in Hertz, and t is the period, or 
time taken in seconds for one complete 


cycle. 


So for example if one complete sine wave 
cycle takes two seconds, the waveform 
frequency is 0.5Hz, i.e. half a cycle every 
second. If the period is 25mS (0.025S), the 
frequency is 40Hz. Similarly a more rapid 
sine wave might have a frequency of say 
10Hz and working backwards from the 
above formula, we could state if we needed 
to that the time period t for the wave is 0.1 
seconds. 

The Hertz can be quite a cumbersome unit 
to deal with and, like the Ohm, we often add 
a prefix to save writing many zeros when 
dealing with high frequencies. 

The symbol “kHz” is the symbol for 
kilohertz, or thousands of cycles per second. 
25kHz equals 25,000 cycles per second. 
MHz is the abbreviation for megahertz, or 
millions of cycles per second. If you own a 
hi-fi system or car radio, you might have a 
digital tuner which informs you of the 
frequency of the radio station you're tuned 
to. Look at the digital display for the “kHz” 
and “MHz” symbols on the a.m. and f.m. 
wavebands. 

The formula for frequency holds true for 
any repetitive waveform such as a square 
wave: if we know the time taken for one 
complete cycle (‘t” in Fig. 2.2) then we can 
work out the frequency of the waveform. 


THE OSCILLOSCOPE 


The cathode-ray oscilloscope (C.R.O.) is 
one of the most versatile pieces of test 
equipment you can buy. The basic opera- 
tion of the C.R.O. is described in a separate 
section; even if you don’t possess one, you 
should still be familiar with their capabilities 
and basic controls. 

An oscilloscope actually plots a graph of 
voltage against time, just like the graphs of 
the waveforms we saw earlier. The graph 
takes the form of a trace on the screen 
which mimics what is happening in the cir- 
cuit under test. If we know the time-base 
and vertical deflection settings (q.v.) of the 
C.R.O., then we can make some meaningful 
measurements on the waveform which ap- 
pears on the display. Fig. 2.6 shows a real 
sine wave which we observed with a C.R.O. 
and then plotted on a computer printer. The 
graticule grid is also shown. (The sine wave 
is actually taken from the Mini Lab Signal 
Generator described in future parts.) 

The amplitude of the sine wave is easily 
calculated. The vertical deflection has been 
set at 5}00mV per division, and we can see 
that the measurement “A” is 2.5 divisions. 
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REG.1 A: 500mvV 
C2 B: 200mvV 


The amplitude is therefore 1.25 volts. The 
peak-to-peak amplitude is equivalent to 2A, 
i.e. 2.5 volts. 

The frequency can be calculated by 
measuring the time taken for one complete 
cycle of the sine wave to occur, and then 
applying our formula f = 1/t. We set the 
time-base at 50uS per division. One 
complete cycle covers 3.5 squares as 
represented by ‘t” on the diagram, which is 
equivalent to a period of 175yS. Hence, the 
frequency of this waveform is 1/175 uS or 
5.7kHz. (Indeed, the built-in digital frequency 
meter display on our C.R.O. screen con- 
firmed this as you can see.) 

We now analyse sine waves in a little more 
detail. Again, we deliberately avoid any inten- 
sive mathematics as Teach-/n is more inter- 
ested in the results rather than how we ar- 
rived at them. Also, for the next section, it’s 
not necessary to own an oscilloscope in or- 
der to progress through the text. 


A.C. AND POWER 

We already know from Part One that a 
resistor will dissipate power when a there is a 
voltage drop across it. When a simple d.c. 
voltage is applied, the resistor will become 
warmer, though you might not physically 
notice it, depending on circuit values. 

Fig. 2.7 shows an a.c. voltage source ap- 
plied across a resistor. Unlike a d.c. voltage 
supply, there is no longer a constant voltage 
across the resistor. Instead, a peak voltage is 
applied which actually drops to zero before 
the current switches the other way through 
the resistor, which heats up at a varying rate 
as the voltage across it rises and falls. 

In fact, the resistor averages out the power 
dissipation when an a.c. current flows 
through it. If the a.c. has a peak voltage of, 
say, 10V, this cannot produce as great a 
heating effect in the resistor as a d.c. voltage 
of 10V would: the a.c. peak voltage of 10V 
only appears across the resistor for a 
fraction of the time (twice per cycle) — for the 
rest of the period, it’s less than 10V. 
Compare this against 10V d.c. which would 
appear across the resistor all the time. 

It's actually possible to calculate effective 
values for a.c. sine waves which would give 
the same heating effect in the resistor as 
a particular d.c. value. We can do this by 
considering the root-mean-square or r.m.s. 
values of the sine wave. Without detailing the 


TV a 
PAA 
oaa4eeKen 
CCEA 
a 


T: 50s REC. A.C. 92-06-29 
D:- 4DIV./ /A 


f= = “W75us 
= 5-7kHz 


Fig. 2.6 (left). A real sine 
wave shown on an os- 
cilloscope graticule. The 
frequency can be calcu- 
lated as shown: compare 
against the actual digi- 
tal frequency readout on 
this oscilloscope. 







SDC 
PCL LL 


Fig. 2.7 (above right). 
An alternating waveform 
connected across a resis- 
tor. The voltage has a 
peak value of 10V, and 
swings back to OV before 
reversing the other way. 


«16: 06: 47 


mathematics behind it to any extent, the 
formula: 
r.m.s. equivalent = peak value ~ 1.414 
(1.414=./2=the square root of 2) 
can be applied to both the a.c. peak voltage 
and peak current. Multiplying V r.m.s. and | 
r.m.s. together (because P = | x V) in an a.c. 
circuit would give the same value of power 
dissipation in Watts as multiplying V d.c. and 
I d.c. would, in an equivalent d.c. circuit. 

In Fig. 2.8, a sine wave of 10V peak value 
is plotted — this has an equivalent value of 
7.07V (i.e. 10V ac. / 1.414). Hence 7.07V 
a.c. r.m.s. would cause the same heating ef- 
fect in a resistor as a d.c. voltage of 7.07V. 

When we talk about a.c. values, we nearly 
always mean the r.m.s. equivalent, not the 
peak value. The peak value has little use 
except when we specify the ratings of some 
components, when we might be interested 
in how high a voltage or current is likely to 
be applied. We then have to ensure that the 
component will be able to withstand these 
peak values. Note that the formula given 
above for calculating r.m.s. values applies 
only to sine waves — not a square wave for 
instance. 

In the domestic mains power supply, the 
output is a sine wave which is stated as 
being 240V a.c. In actual fact, it’s 240V 
rm.s. and using the above formula in 





NEW SYMBOL 


A.C. 
GENERATOR 





reverse, the peak value of the sine wave is 
339V (240V x 1.414). Therefore, the 240V 
I.m.s. a.c. voltage from a mains outlet gives 
the same heating effect in a resistor (like an 
electric fire element) as a d.c. — and equally 
lethal — level of 240V d.c. would. But the 
insulation still has to withstand the peak 
value of 339 volts. 

We can always apply the power dissipation 
formula (P = | x V) and also Ohm’s Law (R 
= V/l) in a.c. circuits provided that we are 
referring to r.m.s. values, not peak or peak- 
to-peak figures. If your multimeter (either 
digital or moving-coil) has an a.c. voltage 
scale, this will actually read in r.m.s. volts, not 
the peak voltage. 


THE DIODE 


Let’s turn to the Mini Lab for some practi- 
cal work. We continue to use batteries as our 
source of power, so ensure that the “EXT 
BATT” option is selected in the power sup- 
ply area of your Mini Lab. 

Fig. 2.9(a) is a simple circuit diagram 
which shows a d.c. voltage supply and a 
filament bulb, together with a new symbol. 
D1 is a component in the class of semicon- 
ductors and is called a diode, and to 
demonstrate this device you will require a 
1N4001 diode from your supplier. This is a 
simple two-wire device, generally with one 
end of the body painted with a white band. 
Build this circuit as shown in Fig. 2.9(b), 
using the breadboard section to connect the 
diode D1, and note the condition of the bulb 
below: 


CONDITION OF THE BULB: 
- DIODE CONNECTED AS 

IN FIG. 2.9(b) 

DIODE REVERSED 


7-07 Vr.m.s. 


7:07 Vd.c. 


Fig. 2.8. A 10V a.c. (peak value) waveform would have an effective value of 7:07V in d.c. 
terms, or 7:07V r.m.s. When we refer to a.c. values, we nearly always mean the root- 
mean-square value rather than the peak figure. 
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What happens when you reverse the 
diode? Connect it the other way round again 
and confirm. The bulb will only illuminate 
when the diode is connected one way round. 
Which way round? The diode is a “uni- 
directional” device, and will only permit 
current to flow one way. It blocks current in 
the other direction, as its circuit symbol 
indeed suggests. 

(Note: some Examinations Boards have 
slightly differing but equally correct sym- 
bols from ours for diodes and also a few 
other components. You may lose marks 
for using a symbol which is not ap- 
proved by your Examining Board, whilst 
other Authorities may not object provided 
you are consistent throughout your work. 
Please consult your tutor if you have any 
doubts in this respect.) 

With the bulb illuminated, use your multi- 
meter to measure the voltage across the 
diode (meter + terminal connected to 
+6V). Your meter should be set to a low 
d.c. volts range, say 1V f.s.d.; record your 
measurement below: 





VOLTAGE ACROSS THE CONDUCTING 
DIODE: Volts 





Your answer will be in the region of 0.6V 
to 0.7V. When the diode permits current to 
flow (the bulb lights up), it is said to be for- 
ward biased. Conversely, when it blocks cur- 
rent (the bulb is extinguished) it is reverse 
biased. A voltage of about 0.7V always ap- 
pears across a silicon diode (like the very 
common 1N4001) when it is forward biased, 
and this is called the forward voltage. 

In fact the anode of the diode must be 
0.7V more positive than the cathode before 
the diode can become forward biased and 
allow current to flow through it. See Fig. 2.10 
which summarises the function of the diode. 

Fig. 2.11 shows the characteristic curve 
for a typical silicon diode. The plotted line 
shows how the forward current through a 
diode can only rise once the forward voltage 
of the diode exceeds 0.7V. When it is reverse 
biased, hardly any current flows at all so it 
doesn't conduct. 


DIODE 
SPECIFICATIONS 


Diodes have electrical ratings, and the 
main parameters we are normally interested 
in are these:- 


V; Forward Voltage, 


lf | Forward Current, the maximum cur- 


rent which can flow through the diode 
when it is conducting 

PIV Peak Inverse Voltage, the maximum 
reverse voltage allowed before the 
device is damaged 


D1 
1N4001 
NEW SYMBOLS 


ANODE »i CATHODE 
OR 
OR 


Fig. 2.9(a). Illustrating a diode in 
a simple circuit. Various symbols, 
as shown, are used by Examination 
Boards. 
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GCSE QUESTION 


This month's question is taken from the Midland Examining Group GCSE Electronics 
(1751) 1989 Paper 1. We acknowledge their co-operation with thanks. Here’s an oppor- 
tunity to apply your knowledge of light-emitting diodes and series resistors in this 
straightforward question. | 

The answers are the work of the authors and do not necessarily constitute the only 
correct solution. 








© COPYRIGHT MIDLAND EXAMINING GROUP 


The circuit shown in Fig. | has an LED connected in parallel with a buzzer to a 9 V power 
supply. A 1.2 kQ resistor is connected in series with the LED. A switch is connected in series 
with the buzzer. 


+9V 





0V 
Fig. 1 


(a) Fill in this Table. It shows what the LED and buzzer do when the switch is open and 
closed. [4] 





(b) Fig. 2 shows the coloured bands on the 1.2 kQ resistor. If the resistor has a tolerance of 
10%, name the colours of the bands on Fig. 2. [4] 


Fig. 2 
(c) The potential difference across the LED is 1.8 V. Calculate the potential difference across 
the 1.2 kQ resistor. [2] 
Kinin deseceesecacies Vv 
(dq) Calculate the current going through the LED. [3] 


COSC EHHH SHH e HEHE EHH HEHEHE TEHHEEEESHE EOS EOEHEHE HEHEHE EEHE SHOE CHEE ORE HEEL HSER EOE OOOOH OE LOCO LEO ESCO OC OOS. 


The data for our humble 1N4001 diode. 


states that it’s a 50PIV 1A device. A forward 
voltage of 0.7V roughly is fairly standard 
amongst all silicon diodes and therefore 
you won't often see it quoted in any 
published data. You might also see the 


symbol V,;, instead of PIV. Have a look in 
some suppliers’ catalogues to see if you 
can spot the ratings of diodes. Also check 
out their shapes and sizes, and compare 
the cost. Note how the prices increase for 
diodes which can carry more current (up to 


ANODE (a) CATHODE (k ) 


an Ge 


CURRENT FLOWS INTHIS DIRECTION...... 


= 
k— 


Fig. 2.9(b) Assembling the diode circuit on the __. BUT IS BLOCKED IN THIS DIRECTION 





Mini Lab. Reverse the diode and see what hap- 


pens. 





Fig. 2.10. Function of the diode. 
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(e) The graph of Fig. 3 shows how the current through the buzzer depends on the potential 
difference across it. Use it to find out how much current goes through the buzzer when the 


switch is pressed. 


The current through the buZZer 1S.......... eee eee e eee eee enn ete eeeneeeeeeeeeegenees 


Fig. 3 


(f) Sketch on the graph of Fig. 3 how you would expect the current through the LED to 
change with the potential difference across it. Assume that the LED is forward biased. 


(g) The 1.2 kQ resistor in Fig. | is replaced with a 4.7 kQ resistor. Describe and explain what 





effect this would have on (i) the LED, and (ii) the buzzer. 


CNOROE sickc wh taleaanaet aude nt ane saandaatade ty debase pase ewe naren aw ar eueNs = 


RLA1 NO. 


[2] 





Fig. 2.12(a). A simple relay circuit which 
will drive LP1 once the switch S1 1s 
closed. The diode D1 is used to short out 
any reverse-voltage pulse (“back e.m.f.”) 
which is generated when the relay is 
de-energised. 


reverse-biased because its cathode is at a 
voltage of + 6V whilst the anode is at OV. 

Therefore under normal circumstances, 
D1 does nothing at all because it can- 
not conduct. However, when S1 is opened 
again, a reverse voltage (back e.m.f.) ap- 
pears temporarily across its coil, such that 
point “B” is very much more positive than 
point “A”. Now, the diode is instantly forward 
biased. It thus conducts and shorts out the 
back e.m.f. pulse generated by the coil. 

Without the diode, the back e.m.f. which 
is created by the “implosion” of the relay’s 
magnetic field will probably damage other 
components in the circuit. You will always 
find a reverse-connected diode across relay 
coils when they are used in electronic cir- 
cuits. It’s essential! 

Fig. 2.12(b) shows an oscillogram of this 
actual effect which we captured using ad- 
vanced test equipment. We connected a 
relay identical to that on the Mini Lab in an 


[3] arrangement similar to that in Fig. 2.12(a), 





FORWARD BIASED 


[4] DIODE CONDUCTS 
, AND CURRENT 
FLOWS 


POISON aac inn Seton pie soacn sae aanencqneenseee ewer eee rere Tree 


(i) the LED: 
(11) the buzzer: 


CHANGE io cas ctshdaniw edt isadtadnaetsgnasyaer bossa dacaawrerd sade 2 Abeaea tag eeeeS a0: 


TOUSON 0. occ ccc ccc ccc wee eee eee eee eee eee ee eee renner sense esas eeeessseeeeee 


many tens of amps) or which have a higher 
PIV. 

Apart from silicon diodes you may comes 
across devices fabricated from another 
material called “germanium” (not to be 
confused with “geranium” which is a flower!). 
These differ from silicon types in several 
respects: they have a forward voltage of 
typically O.2V, and their current-carrying 
capabilities are vastly inferior to silicon types. 
A typical germanium. device such as the 
OA91 may have an | rating of only 50mA. 
These sensitive low-power devices are classed 
as “signal” diodes in radio circuits for 
instance, where they work with audio or 
radio-frequency waveforms. 


DIODES AND RELAYS 


One major headache of using relays is the 
fact that they are based around an 
electromagnet, which is basically a coil 
wound onto an iron core. Coils in electronic 
circuits can have a major drawback: when 
you switch a coil off, the magnetic field 
around the coil collapses back into it, 


causing a large back e.m.f. to 
be generated. This takes the 
form of an often massive reverse 
electric pulse which can cause 
havoc with delicate electronic 
components such as transistors. 

The Mini Lab _ incorporates 
a relay on the circuit board, 
and Fig. 2.12(a) illustrates a 
basic switching system where a 
push-operated switch S1 supplies 
power to the coil of the relay RLA. 
Closing S1 will supply power to 
the relay which operates, and in 
turn illuminates the bulb LP 1. At 
this time, point “A” is actually at 
+ 6V with respect to point “B” 
which is at OV. 

It’s similar to the circuits which 
were demonstrated last month 
when we discussed the relay. 
However there is one important 
difference, which is the inclusion 
of a diode D1 across the relay 
coil. When S1 is closed, D1 is 
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02 04 0-6 0-8V 


REVERSE BIASED 


NO NOTICEABLE CURRENT 
CAN FLOW 





Fig. 2.11. A typical “characteristic curve” of a silicon 
diode, which will only start to conduct once the volt- 
age across it exceeds approximately 0.6V — the anode 
must be 0-6V more positive than the cathode. In the 
opposite direction, no current can flow (apart from a 
tiny “‘leakage’’ current). 
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REGO 


B: 200mV + OmV DD: - 


Fig. 2.12(b). Oscillograph of the back e.m.f. 
generated by a relay coil. 


both with and without the diode. Our oscillo- 
scope recorded the back e.m.f. pulse which 
was generated when the relay was switched 
off: as you can see, the peak reverse voltage 
was measured at an incredible —301 volts! 
Fig. 2.12(c) shows the result of including a 
- diode to “shunt” the back e.m.f. which is 
now all but eliminated. 

There is a location on the Mini Lab, 
adjacent to the general-purpose relay, where 
a suitable diode (eg. 1N4001) can be 
permanently soldered into position to 
protect your test circuits from back e.mf. 
You can solder it into place now, if you wish, 
taking care not to overheat it as semicon- 
ductors can be damaged by excessive 
soldering times. Once the diode is in place, it 
becomes imperative that you connect the 
relay coil correctly so that the diode is 
normally reverse biased. 

Other important applications of diodes are 
shown next month when we utilise the uni- 
directional effect in power supplies to form 
a ‘rectifier’. We also look at an interest- 
ing version of the rectifier called a ‘thyris- 
tor” which only conducts when you input a 
suitable control signal. 


LIGHT-EMITTING 
DIODES 


Diodes contain a special “junction” manu- 
factured from either silicon or germanium, 
which has been carefully treated to transform 
it into a semi-conducting material with certain 
operating characteristics. However, manufac- 
turers have created a whole class of light- 
emitting diodes which are invaluable as 
solid-state indicators in electronics. They don't 
have a filament like a bulb, and in normal use 
last forever. 

A typical light-emitting diode (l.ed.) is 
shown in Fig. 2.13, and these devices have 
two lead-outs designated anode (a) and 
cathode (k) like a normal diode, and by 
forward-biasing the l.e.d., it will emit light. 
You can buy them in red (cheapest and 
most common), green, yellow, orange and 
even blue (unusual and very expensive). A 
whole host of shapes and sizes is available — 
look through the “Opto-Electronics” section 
of a good catalogue to see. 
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Fig. 2.13. A typical light-emitting diode, 
with pin-out connections. Usually, the flat 
notch is nearest the cathode, Sometimes, 
one lead is longer than the other, in order 
to identify anode and cathode — check the 
manufacturer’s data. 





REGO A: 5 V/DIV + OmV T: 500us REC AC 92-06-19 
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Fig. 2.12(c). The result of including a 
reverse biassed diode across the relay coil. 


There are some important operating con- 
ditions to observe, or an l.e.d. could be 
damaged. Firstly, they hate reverse voltages, 
and are likely to be destroyed by anything 
over 5V PIV or even less — so connect 
them the right way round, forward biased! 
Secondly, they have a typical forward volt- 
age of about 1.8V. It’s essential that you 
don't test them by connecting them directly 
across a 6V battery (for example), because 
you will exceed their V; rating and destroy 
them. 

Light-emitting diodes always have their lead- 
outs identified somehow so that you know 
which is which. Generally you see a flat mark 
on the base of the resin body adjacent to 
the cathode, Other times, the anode and 


GCSE QUESTION (see previous page) 


ANSWERS 


(a) With the switch open, 9V is applied to the l.e.d. and series resistor but not the 
buzzer. Hence the l.e.d. is alight and the buzzer is silent. With the switch closed, 





9V is now applied to the buzzer, so the |.e.d. is alight and the buzzer sounds. The 

switch has nothing to do with the state of the light-emitting diode — it’s a red 

(l.e.d.) herring! 

From the Resistor Colour Code, the digits required are 12 and the multiplier to 

obtain 1.2k (1200 ohms) is x100. Hence the coloured bands are Brown (1), Red 

(2), Red (x100) and finally Silver (10%). The Resistor Code, by the way, was 

given with the Paper. | 

If 1:8V appears across the l.e.d. (forward voltage), the rest of the supply voltage 

appears across the resistor, so the answer is 9V — 1:8V = 7:2V. 

Hmmm ... the current flowing through the l.e.d. must be the same as that 

flowing through the series limiting resistor: use Ohm’s Law I = V / R so the 

current is 7-2 / 1200 = 6mA. No marks were lost if you wrote 0-006A instead, 

or even 6/1000 Amps. 

The p.d. across the buzzer when the switch is closed is 9V. Therefore, read from 

9V on the Voltage scale upwards to intersect the curved line: read across to 

obtain an answer of 14mA. Interestingly, the Examiners commented that many 

candidates could not read the graph, a fundamental skill required in electronics. 

A constant 1-8V will appear across the |.e.d. once it’s forward biased. Until then, 

no current can flow. The graph rises steeply when the l.e.d. starts to conduct, 

when we know from (e) that 14mA will flow through it with 1-8V across it. 

(i) The le.d. will dim. Increasing the resistance reduces the current flowing 
‘through the l.e.d. to (I = V/R) 1-5mA. 

(ii) There is no change with the buzzer, because its supply voltage remains at 
9V. Its operation has nothing whatsoever to do with the l.e.d. series resistor 
— another red herring to test you! 
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A LIGHT EMITTING DIODE 
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COMMON 
CATHODES 


Fig. 2.14(a). A light-emitting diode (l.e.d.) operated Fig. 2.15. A seven-segment light-emitting diode digital display. Either common- 
anode or common-cathode types are available. CC-type is shown (right). 


in series with a limiting resistor R1. 





Fig. 2.14(b). Connecting an l.e.d. with a 
series resistor to the 6V Mini Lab supply. 


cathode are denote by different lengths of the 
lead: check the supplier's data if in doubt. 

Nearly always you will want to drive an 
l.e.d. from a voltage higher than the maxi- 
mum permissible forward voltage, such as 
the +5V rail which is extremely common 
in digital circuits. You have to ensure that 
when it’s illuminated, only the forward volt- 
age value appears across the l.e.d., nothing 
greater. Anything less, and the l.e.d. simply 
doesn’t light; too much, and it spells death 
to the |.e.d.! 

It is also necessary to consider the current 
flowing through the device. Light-emitting 
diodes have a maximum forward current 
(I) rating which is usually expressed in mil- 
liamps. We have to limit the current so that 
this current is not exceeded. 50mA might 
be typical, but you can obtain a respectable 
light output from an |.e.d. when as little as 
10-20mA, or even less, flows through it. 

Thus when operating a light-emitting diode 
from a (d.c.) voltage, we generally have to 
reduce this voltage so that only the forward 
voltage of the |.e.d. appears across it — the 
rest of the voltage has to be wasted some- 
where — and we have to limit the current 
flowing through the l.e.d. as well. 

Fig. 2.14(a) is a simple circuit to 
demonstrate the light-emitting diode. For this 
section, you will need any general-purpose 
l.e.d., say 5mm diameter so that it isn't too 
fiddly to handle: they cost about 2Op. 

The basic specification for a typical |.e.d. is 
as follows:— 


Type: RS 590-446 

Colour: red 

Diameter: 5mm 

Is (maximum) : 30mA 

If (typical) : 1OmA 

V;: 2V typical 

Vrey Max : 3V 

Viewing angle : 30 degrees. 

The values shown are typical of other 

types of l.e.d. 

For our demonstration we will operate the 

|.e.d. from our 6V battery pack, and because 
the typical forward voltage for this l.e.d. is 


2V, we have to lose 4V before we can drive 
the |.e.d. safely. Additionally, we have to en- 
sure that the forward current (Ip) is limited to 
no more than 30mA - though let's choose 
10mA which from experience is adequate to 
give a reasonable output of light. A lower 
current simply reduces the brightness. 


SERIES RESISTOR 


For the l.e.d. to operate reliably, we have to 
employ a series limiting resistor so that 4V 
will appear across the resistor, and the cur- 
rent flowing through the l.e.d (and therefore 
through the series resistor) will be limited to 
10mA. It’s really easy to calculate the resis- 
tor value using Ohm’s Law (see Part One): 


R = V/|I = 4/0.01 = 400 ohms. 


Remembering that resistors are produced 
in a range of preferred values, the one 
nearest to 400 ohms is actually 390 ohms. 
To double check the current which will flow 
using a 390 ohm type, use | = V/R to obtain 
an answer of 10.2mA — quite acceptable. 

The final consideration is the power dis- 
sipated by the resistor. You can use either P 
= V2/R or P = ERR which will give about 
0.04 Watts (40mW), so a standard 0.25W 5% 
resistor will easily be more than adequate. 

The power dissipated by the l.e.d., inciden- 
tally, will be a mere 20mW (P = IV). Thus 
they are very energy-efficient devices and 
ideal for operating with low-power circuits — 
compare against our 6V filament bulb used 
in Part One, which draws some 100mA of 
current and dissipates 600mW of power, 
though the bulb is of course much brighter. 

Now use a 390 ohm resistor and an l.e.d. 
to build the circuit of Fig 2.14 on the Mini 
Lab, as shown in Fig. 2.14(b). Note par- 
ticularly the polarity of the led. which in 
accordance with our standard practice is 
shown from an aerial (bird’s eye) viewpoint 
in this diagram. 

You may wish to try other colours in this 
circuit to assess the effect, and the red 
device can be exchanged for any other 
colour, size or shape of l.e.d. if you have any. 
Simply remember to observe the polarity. 


OTHER TYPES 


Check out a catalogue for bi-colour types. 
These glow either red or green, depending 
which way round you connect them. They're 
great fun to play with. Also look for flashing 
types, which are designed to run from a 
stable +5V supply and incorporate a mini- 
aturised circuit to make the l.e.d. flash 
continually. You might see constant-current 
light-emitting diodes which don’t need a 
series resistor: they adjust automatically to 
ensure that a safe forward current flows. 
They're ideal for use with varying voltages. 

Our final look at light-emitting diodes is 
the seven-segment display, see Fig. 2.15. 
The bars of the display are actually elon- 
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gated light-emitting diodes, and by activating 
various segments, different numbers can be 
displayed. Each segment is denoted by a 
letter A-G as shown, and a decimal point is 
generally included too. 

Rather than have seven cathodes and 
seven anodes — 14 connections in all — it’s 
normal to connect either all the anodes or 
all the cathodes together and connect them 
to one voltage (e.g. the supply rail), and 
activate the other ends of the segments as 
needed to form a display. Hence, you can 
buy either “common anode” or “common 
cathode” devices to specify which segment 
terminals are all connected together. The 
Mini Lab will require three seven-segment 
displays in due course. 

The very first digital watches introduced in 
the mid 1970's used seven-segment light- 
emitting diode displays under a magnify- 
ing lens; they didn't display the time con- 
stantly (you had to press a button) and 
compared against modern liquid-crystal dis- 
plays (I.c.d.s) they consumed batteries at a 
frightening rate! 


CAPACITANCE 

The following topic utilises the Mini Lab 
L.E.D. Voltmeter, which is the first of the 
modules to be assembled on the Mini Lab 
printed circuit board. The constructional 
details for the L.E.D. Voltmeter are given 
separately. Don’t worry if you don’t fully 
understand how the module works: the 
main thing for now is to assemble it! 

Capacitors are components which have 
the “capacity” (literally) to store electric 
charge. The circuit symbols for three com- 
mon types of capacitor are shown in Fig. 
2.16 — we will look at each type in due 
course. The symbol is actually a good 
representation of a capacitor’s construction, 


NEW SYMBOLS 


ENGLISH/EUROPEAN VERSION AMERICAN VERSION 


(a] ——§j-— —|-— 


STANDARD UNPOLARISED 
CAPACITOR (e.g. POLYESTER) 


Co || Kear, ae 


POLARISED CAPACITOR 
le.g. ELECTROLYTIC) 


(c) —r— —_j}«+— 


VARIABLE CAPACITOR 
(e.g. RADIO TUNER) 





Fig. 2.16. Schematic symbols for 
capacitors. The American versions are 
also shown, as these often appear in 
component manufacturers’ data sheets for 
American-made semiconductors. 


807 























Fig. 2.17. A capacitor C1 connected to a 
hypothetical d.c. voltage Vs. 


Fig. 2.18 (below). Some typical capacitor 
types. It is VITAL that polarised types, 
especially electrolytics, are connected the 
right way round. Capacitors are classified 
by the dielectric material. 





af J 


STANDARD TYPE 


_ a 
10nF 
100V 
} | POLYESTER 


CERAMIC DISC 


<== 220pF 
POLYSTYRENE 
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which consists of two relatively large “plates” 
(often several inches square) separated by 
an insulating layer called the “dielectric”. 

The dielectric acts like a break in the 
circuit, and you would be right in thinking 
that the dielectric layer prevents current 
from flowing through the capacitor. We 
have already discussed how some materials 
(insulators) are very poor at conducting 
electric current. So what use is a component 
which simply stops current flowing in a 
circuit ? Read on! 

Fig. 2.17 is a hypothetical arrangement 
consisting of a capacitor Cl connected 
across a d.c. supply voltage V,. When the 
circuit is made, a charge flows out of the 
positive terminal of the battery onto the plate 
marked “A” and a compensating equal 
charge is lost from plate “B” (remember we 
talk in old-fashioned “conventional current 
terms” and not ‘real life electron flow’ which 
is the exact opposite — see last month). 

This happens instantaneously with the 
result that the capacitor acquires a positive 


—|-—_ 


POLARISED TYPES 


AXIAL ELECTROLYTIC 





RADIAL ELECTROLYTIC 


TANTALUM BEAD 





charge on plate “A” and a negative charge 
on “B” so a potential difference equal 
to V, is then present across the plates. 
Whilst a current has not passed through the 
capacitor itself, there has been a flow of 
electrons on each side of the component, 
which often gives the false impression in 
a circuit that a current did indeed flow 
through the dielectric. Refer to the “Ad- 
vanced Level” section for further informa- 
tion on capacitance. 

The unit of measurement of capacitance is 
the Farad (symbol F). Very large capacitors 
(say 1 to 3F) are used as memory back-up 
devices in car radios or hi-fi digital tuners, 
but in general terms the Farad is such a 
large unit that we mainly use the following: 


MicroFarad 1pF = 10-6F 
NanoFarad 1nF = 10-9F 
PicoFarad IpF = 10-12F 


Different types of capacitor are available 
which utilise different dielectric materials. 
We generally classify a capacitor by what the 
dielectric is made of; probably the most 
common type suitable for general purpose 
use is the plastic polyester capacitor which 
ranges from say 10nF to 0.47uF or more. 
Tiny capacitances of, say 220pF or less 
might have a polystyrene dielectric. 

For larger capacitances, eg. 1pF to 
4,700uF or more, it’s generally necessary 
to utilise a polarised device called an 
electrolytic capacitor. The symbol for this is 
shown in Fig. 2.16(b) and it will be seen that 
it has a positive symbol. The real problem 
with electrolytics is that they have an 
extremely large manufacturing tolerance, 
typically -20 per cent to +50 per cent of 
their stated capacitance value. 


WARNING 


Because of their construction and con- 
tents, it is essential that electrolytic 
capacitors are always connected the right 
way round in a circuit, otherwise damage 
or personal injury could result. Therefore, 
always connect the + terminal to the 
most positive voltage in the circuit. 
Never ever mess about with electrolytic 
capacitors. 

In theory the capacitor in Fig. 2.17 would 
retain its charge indefinitely, once the bat- 
tery was removed. However electrolytics are 
notoriously bad for having an exceptionally 
high leakage current, because the dielectric 
they use is far from being a perfect insulator. 
Some of the charge leaks away through 
the component — smaller tantalum bead 
capacitors are an improvement in terms 
of size and performance (they are also 
polarised like electrolytics), and for smaller 
capacitances polyester types are better still 
in terms of tolerance, leakage and physical 
size. 

Capacitors also have a voltage rating and 
the user must always ensure that the voltage 
across the capacitor does not exceed this 
value — especially electrolytic types. It is how- 
ever permissible to use a component with a 
higher rating than one specified in a circuit. 

Fig. 2.18 depicts some common capaci- 
tors. Note that an electrolytic type generally 
has a ring crimped into its body: this signifies 


the positive (+) end: the “can” is always con- | 


nected to the negative terminal. Again, have 
a look through a mail order catalogue and 
compare size, type and price. 


TIME CONSTANT 

Fig. 2.19(a) shows a 1000uF 16V 
electrolytic capacitor in series with a 27k 
resistor, connected across the 6V battery 
pack. The battery also powers the L.E.D. 
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Voltmeter through a ready-made internal 
connection on the Mini Lab. Build this 
circuit on the Veroblock as shown in Fig. 
2.19(b), ensuring the electrolytic capacitor is 
connected the right way round. Use the 
largest electrolytic capacitor you have 
available — certainly 470uF or more. The 
resistor should be roughly the value shown. 

Before switching on the battery pack, set 
the range of the L-E.D. Voltmeter to 5V d.c. 
using its on-board selector plug. The meter 
is now going to be used to display the 
charging up action of a capacitor: we have 
included the 27k resistor in series to “slow 
down” the capacitor charging current to 
enable us to monitor the charging time. 
As the voltage across the capacitor in- 
creases due to its charging action, the L.E.D. 
Voltmeter display will gradually advance. 
You will find it best to use the “DOT” mode. 

You need a stopwatch or a clock with a 
seconds hand. As soon as you switch on 
the 6V supply, start the clock and watch 
the display of the voltmeter: every time the 
l.e.d. display advances, try to note down the 
elapsed time in seconds. Continue until the 
display is static. 


MINI LAB. 
L.E.D. VOLTMETER 





Fig. 2.19(a). A large electrolytic capacitor 
is charged through a resistor R1. The 
L.E.D. Voltmeter shows the gradual in- 
crease of potential across C1 as it charges. 


5V 


ett | 











Fig. 2.19(b). Utilising the Mini Lab L.E.D. 
Voltmeter to monitor the rising voltage of 
a charging capacitor. Use any electrolytic 
capacitor you have available, preferably 
470uF or more. 


A great alternative suggested by our 
G.C.S.E. Advisor is to use a cassette 
recorder to tape your test readings as 
follows: set the tape machine recording and 
start the experiment. Either speak the time 
in seconds, or say “now” every time an l.e.d. 
lights, until no further change is noticed on 
the l.e.d. scale. Play back the tape and using 
the stopwatch, note down the elapsed time. 

You will finish with a string of numbers, 


+6V O 


20V 


L.E.0. VOLTMETER 


a] bk 


each one representing the elapsed time 
when the next l.e.d. in the display lights. With 
the L.E.D. Voltmeter module set to 5V, each 
l.e.d. step is equivalent to 250mV (5V divided 
by 20 l.e.d.s), so the time taken for the next 
Led. to light represents an increase of 
250mMV across the charging capacitor. 

If you want to start the experiment again, 
you must ensure that the capacitor is fully 
discharged. In this instance it’s acceptable 
to short it out with a temporary link wire 
— or why not use one of the convenient 
n/o push switches? In general you should 
not do this with larger capacitors or when 
higher voltages exist across a capacitor, 
as electrolytics are high-energy devices. 

Using your results, plot a simple graph of 
voltage against elapsed time for your charg- 
ing capacitor. Just plot the elapsed time 


VOLTAGE 


20 30 40 50 


TEST RESULTS 


to fully charge or discharge a capacitor 
through a resistor. 

Whenever you see “RC” mentioned in a 
formula or circuit containing a resistor and 
capacitor, you know that somewhere the 
capacitor is charging and/or discharging 
through that resistor. It’s actually possible to 
make a capacitor charge up linearly through 
a “constant current source” — useful if 
you want to generate a uniform: “ramp” 
waveform instead of a curve. 

You can also experiment by discharging a 
capacitor through a resistor. Use one of the 
push switches to charge up an electrolytic 
capacitor from the 6V battery, then release 
the button to start the experiment and 
discharge it through the resistor, monitoring 
the voltage across the RC combination with 
the L.E.D. Voltmeter. Fig. 2.21 shows a 


100 110 
TIME (SECONDS] 


60 70 60 90 


VOLTAGE PER L.E.0. VOLTMETER 0:25 05 0-75 1:0 1:25 1:5 1:75 2:0 2:25 25 2:75 3:0 2-25 -3°5. 3:75. 4:0 6-25 
nee 


ELAPSED TIME.(SECONDS) 





15 18 22 26 30 36 41 48 57 68 83 107 


Fig. 2.20. Plot of an exponential charging curve, using the results obtained from the 


circuit of Fig. 2.19. 


L.E.0. VOLTMETER 





Fig. 2.21. Suggested circuit to observe the discharge action of a capacitor, use 
the L.E.D. Voltmeter to obtain results as before, then plot a discharge curve. 


(horizontally) against each 250mV incre- 
ment (vertically). Fig. 2.20 shows our own 
test readings when we performed the experi- 
ment with our Mini Lab —- your result 
should look roughly the same, what mathe- 
maticians call an “exponential curve”. 

What does the graph show? The charging 
time tends to tail off in a curve rather than a 
straight line. It takes progressively longer 
for each 250mV step to be reached, so a 
capacitor does not charge in a linear fashion 
through a resistor. The Time Constant of 
a resistor/capacitor network (like the one 
we've just used), is equal to: 


RC Time Constant (seconds) 
= R(ohms) x C (Farads) 


The RC time constant for the 27k/1000yuF 
network works out as 27 seconds. Introduc- 
ing some useful rules of thumb:- 

RC = time taken (seconds) for a capacitor 
to charge up to 63 per cent of its final value, 
or discharge down through a resistor to 37 
per cent of its final value. 

5RC = approximately the time it takes 
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simple circuit to do this — see if you can work 
out the interwiring yourself, then take your 
results (the l.e.d. display moves backwards 
this time) and plot a discharge graph. 
Experiment with different values of resistors 
and capacitors. 

Next month, we take a look at power 
supplies where your Mini Lab becomes 
mains powered — it will then really look like 
it means business! We also examine the 
extremely important area of safety in elec- 
tronics, so there’s something for everyone! 
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Ihe Lveryday with Practical Electronics Mini Lab has been created to 
accompany leach-In "93, and enables the reader to assemble dernonstration 
circuits by following the clear instructions and diagrains contained tn the 
Inain lexXt, with every chance of tt working first tine. The Mini Lab ts an 
exciting learning ald which brings electronics to life in an erfoyable and 
interesting way: you will both see, and hears, the electron in action. 





HE first module to be constructed on 

your Mini Lab printed circuit board 

(described in detail last month) is a 
complete voltmeter which uses a row of 
20 light-emitting diodes (l.e.d.s) for a scale. 
It reads up to 2:5V, 5V, 10V or 20V full- 
scale deflection (f.s.d.). The circuit diagram 
is shown in Fig. 1: if you are a novice in 
electronics, don't worry if the circuit diagram 
doesn’t make too much sense — the impor- 
tant thing for now is to build the module 
successfully. 

Space does not permit us to examine the 
mode of operation in great detail, though 
the components used will be familiar to 
experienced readers. Two LM3914N in- 
tegrated circuits are used, and are con- 
nected to form a 20-step l.e.d. bargraph. The 
1:25V internal reference voltages of both 
devices are connected in series to form an 
accurate 2:5V reference. The LM3914 i.c.s 
then compare the input voltage against this 
and illuminate (or “enable”) the appropriate 
number of light-emitting diodes. 

An attenuator system of close-tolerance 
resistors (R1 to R6) is selectable so that the 
f.s.d. of the module can be determined by 
linking with a shorting plug the appropriate 
sockets mounted on the Mini Lab. The values 
have been selected so that when the maxi- 
mum f.s.d. voltage is presented to the LE.D. 
Voltmeter, only 2‘5V maximum actually ap- 
pears at the inputs of IC1 and IC2. On the 
2:5V setting, the input voltage is applied 
directly to the inputs of the |.e.d. drivers. 

The meter has a sensitivity of 80,000 o.p.v. 
(ohms per volt) which is much better than 
many moving coil multimeters. The i.c.s are 
protected against overloads up to 35V and 
reverse input voltages down to —35V d.c. 
For further information, the manufacturers 
(National Semiconductor) of the LM3914 
produce an informative Data Sheet which 
should be consulted. 

S1 is a p.c.b..mounted switch which con- 
trols the “mode” pins of the i.c.s and selects 
either moving dot or bargraph mode — the 
former is preferable for battery operation in 
order to minimise battery drain. 

The design will be more than accurate 
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enough for our purposes, and it also adds 
interest to demonstrations whilst freeing your 
multimeter to make other measurements. A 
printed scale is incorporated in the silk-screen 
printing of the printed circuit board, so you 
will have no problems interpreting readings. 


CONSTRUCTION 

The L.E.D. Voltmeter is assembled on the 
relevant section of the Mini Lab printed cir- 
cuit board, which is fully silk-screen printed 
to help with component positioning. Solder in 
all parts as shown in Fig. 2 starting with the 


IC1 
LM3914N 
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jumper link wires which can be made from 
tinned copper wire. 


It is best to use i.c. sockets if you are 
unaccustomed to soldering integrated cir- 
cuits, so that thermal damage is avoided. In 
any event, do not overheat any joints or 
you may damage the p.c.b. and lift off the 
copper track. A fine-tipped soldering iron 
is best — take your time! Then insert the 
two integrated circuits carefully into their 
sockets, observing polarity or you will 
damage the devices. 


Separate l.e.ds can be used for the 
indicators, and to help when reading the 
scale, each 5th led. can be green 
coloured, the remainder being standard 
red devices. Rectangular types are best, 
and you must ensure that the l.e.d.s are 
soldered in the right way round, fitting them 
so that they are flush against the board. 


Alternatively, a much neater effect is 
produced by utilising two 10-segment 
l.e.d. bargraph modules, although unlike 
separate l.e.d.s (the p.c.b. is designed to 
accept either) it will not be possible 
to include different coloured bars as 
“milestone” indicators. Either solder the 
bargraphs directly to the board or use 
dual-in-line sockets to carry them. 
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IN USE 

The Voltmeter is powered by the 6V bat- 
tery pack during the early stages of Teach- 
In after which mains operation is intro- 


duced and it is then powered from the 
5V rail of the Mains Power Supply. xter- 
nal battery or Mains operation is selected 
with an on-board selector plug near the 
Power Supply section of the p.c.b., with the 
L.E.D. Voltmeter being powered from the 
appropriate source. 

A set of turned-pin sockets are used 
for the + and — inputs to the L.ED. 
Voltmeter, and these can quickly be con- 
nected using jumper wires to the Veroblock 
breadboard when required, in order to 
make a measurement. The OV rail con- 
nects by the p.c.b. to the other modules 
(e.g. the Mains Power Supply), so often it 
will not be necessary to link a jumper wire 
to the OV input socket — this connection is 
ready-made by the board. | 

Choose the required range of the 
Voltmeter using the selector plug to link 
the two appropriate sockets on the printed 
circuit board. In the demonstration circuits 
of Teach-/n , you are always advised which 
f.s.d. is required for any experiments. 
Generally, you can also select either dot or 
bargraph mode, whichever you find easiest 
to read. | 





SUPPLY 





To test your completed L.E.D. Voltmeter 
module, choose 10V f.s.d. and switch on 
the 6V battery pack. Then use one of the 
on-board preset resistors (e.g. 47k) to ap- 
ply a varying voltage to the input terminals 
of the Voltmeter (see Fig. 2.3 in the main 
tutorial). The relevant number of light-emit- 
ting diodes will illuminate when you rotate 
the preset control. Also test the Dot/ Bar 
selector, after which your L.E.D. Voltmeter 
is ready for use. 0 

Next Month: Power supply. 


Mini Lab Components 


Resistors See 

RI IMI 1% 

R2toR4 300k 1% (3 off) SHOP 
R5,R6 200k 1% (2 

R7 4k7 °(20f TALK 
R8 2k2 Page 


RO 22k 
All 0-25W 5% except where shown 


Capacitors 
C1,C2 22 35V tantalum bead (2 off) 


Semiconductors 
IC1,1C2 LM3914N1.e.d. bargraph 
driver i.c. (2 off} 
D1 toD20 EITHER: 10 segment l.e.d. 


bargraph module (2 off), 
OR: D1 to D4, D6 to DY, D11 to 
D14,D16 to D19: Red 
rectangular |.e.d. (16 off) 
D5,D10, D15, D20: Green 
rectangular I.e.d. (4 off) 


Miscellaneous 
S1 d.p.d.t. toggle switch 
(C&K Z200 series) 

P.C.B. mounting “jacks” (5 off); p.c.b. 0-5 
inch insulated shorting link plug; turned 
pin s.i.. sockets (4 off); 18-pin d.i.l. i.c. sock- 
ets (2 off); s.il. sockets for l.e.d. arrays, if 
required (4 of); wire, solder etc. 

Note as detailed last month the Mini Lab 
p.c.b. is available from the EPE PCB Service, 
order code MINI LAB. 
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On The Cards 

Looking at the piles of discarded 
payphone cards littering the street near 
a public call box recently, someone 
asked why the cards cannot be re- 
cycled and whether any other country 
re-cycles them. | 

British Telecom now has 100,000 
payphones, of which 21,000 are card 
phones. BT sells 25 million cards a year 
and they cannot be re-cycled because 
the credit units are stored in the card as 
an optical hologram. The card reader 
literally burns along a track as it uses up 
the credits. 

If you look carefully at the top 
(green) surface of a BT phone card you 
will see a strip, stetching the length of 
the card with parallel markings, like 
rungs of a ladder. These are the credit 
units. 

The object of using this type of card 
(made by Continental company Landis 
and Gyr) is to prevent fraud. The dis- 


advantage of BT’s system is that if the | 


card surface becomes scuffed, the opti- 
cal reader cannot read the track. Tip: 
Keep BT cards in a plastic holder. 


Folklore 

There have been all kinds of rumours 
and folklore stories about clever ways 
of rejuvenating BT cards. One theory 
was that you could put the cards in a 
freezer overnight to restore their value. 
Another was that you could cover the 
card surface with nail varnish to stop 
the laser destroying the track. 

Needless to say British Telecom des- 
cribes both tricks as ‘‘complete non- 
sense’. But | have not yet met anyone 
with first-hand experience of reviving a 
card and | am not going to risk trying 
myself because it would of course be 
fraud and illegal to do so. Common 
sense suggests it is indeed impossible. 

In theory cards, like credit cards, 
which have a magnetic strip can be 
recycled. But in practice the strips are 
unlikely to be sufficietly robust for 
resused cards to be reliable. 

In any case the criminal fraternity 
has come up with several ways of 
copying the information on a magnetic 
strip card, either by heat transfer or 
the kind of card readers and encoders 
which large companies use for their 
own security cards. This is why mag- 
netic cash cards will only work when 
the user keys in a secret PIN, or per- 
sonal identification number. 

] 
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REPO 


by Barry Fox 





RT 


it thus comes as quite a shock to 
find that Mercury, which went into 


card phones later than BT, adopted a 


magnetic card. Although there is no 
obvious magnetic strip on the surface, 
magnetic material hidden under the 
surface works just like the surface strip 
on a credit card. 

How then does Mercury stop 
people cloning cards? No company 
wants to talk about security matters, 
but those in the know believe that 
Mercury uses a central monitoring 
system. 

All the payphones are connected to 
a computer, which cross checks the 
serial number of the payphone card 
with a record of its last use. This is 
what causes the delay when some 
calls are made through a Mercury 
payphone, even though dialling is by 
speedy touch tone. The computer is 
checking its records. 

If the computer finds that the card 
has suddenly accumulated value, in- 
stead of lost value, then the system 
rejects it. 

The disadvantage of any magnetic 
system is that data can be erased if 











the card is brought near a powerful 
magnetic field. There was for years 
a folklore story that sealskin wallets 
erased credit cards. In reality it was 
the magnetic catch on the wallet 
which was erasing the data. 


Smartcards 

In France telephone cards are 
Smartcards, credit cards with a built- 
in computer chip and memory. Tech- 
nically this is expensive overkill, but 
France has for years been subsidizing 
the use of Smartcards in an effort to 
make the French invention a way of 
life. Although it would be easy to 
re-cycle Smartcards, and make good 
financial sense, | checked with France 
Telecom, and they tell me that cards 
are not re-cycled. 

The Smartcard system may be hi- 
tech, but it falls flat on its face in 
practice. Recently | tried to make a 
call from a French airport. | had no 
card and there was nowhere to buy 
one. | tried for half an hour to make 
a reverse-cahrges ‘‘collect’’ call, but 
never did get to speak to a human 
operator. 


Soe’ se een 


For the first time British Telecom is 
feeling the real bite of competition from 
Mercury. If you are moving house, or 
planning to install a second phone line, 
or have a fault on your line, it pays 
to know how to turn this to your ad- 
vantage. 

Recently I needed a second line in- 
stalled in a London flat. BT charged 
£163.75 (including VAT) to do the work, 
even though there were plenty of BT 
lines already running into the block. 

Just after I paid, I received a press 
release from British Telecom quoting 


‘Michael Hepher, BT’s Group Managing 


Director. He was puffing about BT 
“making it easier to get on the phone”’. 
Hepher quoted BT’s line connection 
charge of £163.75 as a “maximum”. 
“Very few customers are asked to pay 
the maximum connection charge” he 
went on. 

I asked BT why I had been charged 
the “maximum” when there were already 
plenty of spare lines and the extra work 
done was minimal. Various BT people 
then came up with various excuses which 
boiled down to one practical fact. You 
only avoid paying BT’s “maximum” con- 
nection charge if a full telephone service 


has previously been installed and discon- 
nected, so that the only work involved is 
re-connection at the exchange. 

While I was wasting time and money 
writing letters to BT, something else 
happened. The local cable TV serv-. 
ice “‘passed” the premises, and offered 
me either a cable TV or Mercury tele- 
phone line connection, or both, for a flat 
fee of £30. Also, the cable company 
reminded, long distance calls on Mer- 
cury are cheaper. 


Sunday Special 

Incidentally this is doubtless why BT is 
now advertising the “Sunday Special’, 
long distance calls at local rate on Sun- 
day afternoons in November and Decem- 
ber. Mercury and the cable companies 
now have to change their publicity ad- 
verts to “cheaper calls except on Sundays 
during November and December’, which 
is hardly a catchy slogan. 

BT’s “present” also hits everyone with 
one of Mercury’s “‘smart boxes’’, which 
supposedly route calls by the cheapest 
route. On Sundays this winter they no 
longer will. If you have one of these 
boxes you may well save money by dis- 
connecting it on Sundays. 


Everyday with Practical Electronics, December 1992 














elfectrorizé electronic kits 


TOTAL ENERGY DISCHARGE ELECTROMC /GNTION 

A unique extended CDI system gives a super high power spark under 
conditions where the standard system just cannot cope. The contact 
breaker is retained for ease of fitting but operates only at low power. 
EXTENDED CDI IGNITION parts kit £22.75 assembled £28.45 


MICRO-PRESSURE CAR ALARM 

A unique air pressure sensing system operates automatically without door 
switches etc. and is disarmed with the ignition key. Provides exit and entry 
delays with audible warning when triggered. Easily fitted with only three 
leads. A Power MOSFET output drives a siren or the car horn. 
MICRO-PRESSURE CAR ALARM parts kit £15.95 assembled £22.35 


VOLT DROP OPERATED CAR ALAAM 


A similar unit to the above but relying on the courtesy light operation and 
the well known volt drop detection system. 
VOLT DROP CAR ALARM parts kit £14.90 assembled £20.95 


MICRO PRESSURE TRIGGER 


. 


A small module to up-grade any volt drop alarm to Micro-Pressure sensing 
or combine the benefits of both systems. 
parts kit £10.95 assembled £14.95 


MICRO PRESSURE TRIGGER 


120d0B PIEZO SIREN 
A high intensity vehicle alarm siren for use with the above alarms. 
120dB PIEZO SIREN assembled only £11.95 


CODED INFRARED RECEIVER 

A dash top mounted unit gives coded remote control of the above alarms. 
Includes a security chip with anti-scanning and 59,046 customer selectable 
combinations. Also has “Mega Bright” flashing LED to warn off intruders. 
CODED IR RECEIVER parts kit £21.35 assembled £26.55 


CODED INFRARED TRANSMITTER 


A key ring code transmitter for the above with a range up to 5 metre. 
CODED IR TRANSMITTER parts kit £13.95 assembled £17.95 


All the above include cable, connectors and clear easy to follow instructions. 

All kits include case, PCB, everything down to the last washer, even solder. 

Prices are mail order discount, fully inclusive and apply to U.K. and Europe. 
Telephone orders accepted with VISA or ACCESS payment. 

Ask for detailed brochures or order direct (please quote EE12) from :- 


| Mo OU LO] 4' PA et OJ oe EFA" Tel. 021 308 5877 
yaaa llitsiie (=i fer-\e pm atoll] an @y-1.c-mclelicolam@rellohil-alemast4-a- 1010) 


HOME AUTOMATION 


Mini Timer Controller 


Timed control of up to 4 
modules twice a day. 

Also features direct 
ON/OFF /DIM/BRIGHT 
control plus clock functions. 
MT522 £29.95. 


UNDERSTANDING & 
INSTALLING HOME SYSTEMS, 
How to Automate Your Home 
The best practical guide to date for the 
home automation enthusiast. Packed full 
of advice and ideas on Installing home 
systems and equipment. 140 pages and 
120 illustrations of the most up to date 
data on home automation. £22.95 


Remote Lamp Module 


Plugs in to wall socket to control 
incandescent lamps up to 300W 
4) Responds to ON/OFF/DIM/ 
| BRIGHT commands from 
controllers. 
LM565 £19.95 


Remote Appliance 
Module 


Plugs in to wall socket to 


resistive, 1/3 HP motor 
load.Responds to ON/OFF 
commands from controllers 
AM566 £19.95 


Enerlogic 1400e Home Automation Controller 


The ENERLOGIC ES14006e is the first 
ENERLOGIC SYSTEM 1400e | intelligent home automation system. A 


Co remarkable hardware + software package 
slUcelClUm that adds brains to the range of X-10 
modules and controllers. Using your IBM 
compatible PC to program the unit gives, your home the ultimate in home automation. 
The ES1400e has the capability to receive commands as well as transmit. It is 
programmed in unique control language and comes complete with a schedule editor, 
a schedule simulator for debugging and ES1400e download software. £349.95 

Part of a remarkable range of home automation components 
using the X-10 power line carrier protocol - control signals are 

transmitted through your exisitng mains wiring. 
Orders under £90 add shipping £3.75 (book post free) 


SMART HOUSE SYSTEMS LTD 


3 Buchanan Street, Largs, Ayrshire KA30 8PP 
Tel: 0475 672589 
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UK's leading module manufacturer since 1972 


* AUDIO MODULES 


A rugged high powered module that is ideal for 
use in discos & P.A. Systems where powers of 

up to 125W, 4 ohms are required. The heavy 

duty output transistors ensure stable and 

reliable performance. It is currently supplied to a 
large number of equipment manufacturers where 
reliability and performance are the main 
considerations, whilst for others its low price is 
the major factor. Operating from a supply 
voltage of 40-80V into loads from 4-16 ohms. 


! AL 2550-COMPACT LOW-COST 25W AMPLIFIER 


One of our most popular audio modules with tens of 
thousands installed. Ideal for domestic applications 
where low distortion and compact size are £6.55 
the prime requirements. Used with supply : 
raids of 20V-50V into loads of 8-16 ohms. + VAT 


MM 100-BUDGET 3-INPUT MIXER 


Rl AUTONA LTD 























This module is ideal for discos and public 
address units and operates from 45V-70V. 


| MM 100G GUITAR MIXER 


As MM100 with two guitar + 1 microphone 
| input intended for guitar amplifier applications. 





COMPLETE AUDIO RANGE FROM 10W-125W 
SEND FOR DETAILS TODAY’ 


SECURITY EQUIPMENT 


MINIATURE PASSIVE INFRA-RED SENSOR-RP33 


Switchable Dual range, detects intruders up to 6 or 12 metres 
Quantity This advanced sensor operates by detecting the body 
discounts heat of an intruder moving within the detection field. 
Slow ambient changes such as radiators, etc. are 
ignored. Easily installed in a room or hallway. Providing 
reliable operation from a 12V supply, it is ideal for use 
with the CA 1382 or equivalent high quality control unit. 


Supplied with full instructions. 
Size 80x60x40mm 

















Crystal controlled movement detection module operating 
at 50kHz with an effective range up to 20ft. Suitable for 
operation in household or vehicle security systems. 12V 
operation and built-in timing makes it suitable for a 
wide range of applications. 


ADVANCED CONTROL UNIT-CA 1382 


Automatic Loop Test On Switch On * Automatic Siren’ 
Re-Set * Audible Entry/Exit Warning Buzzer * Two 
Separate Loop Inputs + 24-hr Circuits * 

Easily Installed. Full Instructions Supplied. 


This advanced control panel provides effective and 

reliable control for all security installations, yet its 
operation is sheer simplicity for all members of the 
family, and is supplied with two keys.Housed in a steel 
ase with an attractive moulded front panel, it compares 
with units costing twice the price. 


LOW COST CONTROL UNIT-CA 1250 | 


This tried and tested control unit provides the finest 
value for money in control systems, with many 
thousands protecting houses all over the country. 
A suitable steel enclosure is available separately. 


£25.61 
+ VAT : 

































The IR1470 consists of a separate transmitter 
and receiver providing a beam of up to 50ft 

which, when interrupted, operates a relay in the receiver which 
in turn may be used to control external equipment. The system 
requires only 65mA from a12V supply. Size:(each unit) 82 x 52 x 
















PLUS FULL RANGE OF SECURITY ACCESSORIES FOR 
COMPLETE HOME PROTECTION 


TELEPHONE FOR FREE LITERATURE TODAY 






DEPT EE 12 


Order by Credit Card for 











51 POPPY ROAD immediate despatch 

PRINCES RISBOROUGH Add VAT. Carriage only £1.50 

TEL: (084 44) cage Export 10% minimum £1.50 
H ee ee te 

FAX: (084 44) 7102 ‘aime cS 
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Constructional Project 


COMBINATION 
SWITCH 











MAX HORSEY 


A versatile project which can be used 
as ahome security lock or alarm 
control switch, Personal “password” 
is held in rmemory and may be 
reprogrammed at any time 


tion Lock is a versatile project which 

may be used to unlock a door or 
switch off an alarm etc. The user’s 
password is held in memory, which 1s 
protected by a back-up battery in case of 
power cuts. 

The password may be re-programmed by 
the user at any time, and up to 12 digits 
can be stored. If the wrong password is en- 
tered more than 3 times, a siren output is 
activated for a minute or so. 

There is also provision for a switch in- 
put so that the siren sounds if the switch 
is closed before the correct password has 
been entered. This may be used to detect a 
door or window being forced. The project 
may be fully integrated with an alarm sys- 
tem if required. 

The outputs are via transistors and a 
relay as follows: 

Solenoid Output (up to 3A) — to unlock a 

door. 

Relay — to turn on or off an alarm or any 
other equipment. 

Siren (up to 3A) — which sounds for a 
limited time if the wrong password is 
entered three times, or if the door is 
forced. 

Small buzzer — to indicate correct 
operation. 

The constructor may select one or more 

of these output options. 


OPTIONAL 
BACK-UP BATTERY 


A power cut would cause the loss of the 
user’s password in memory, resulting in 
the entry password defaulting to 0. This 
problem may be overcome by the use of a 
back-up battery. It is not intended that this 
battery should allow the project to function 
normally (a much larger 12V battery across 
the whole circuit would be needed), but 
the battery suggested will provide enough 
power to keep the memory of the i.c. active. 

The supply suggested is three AA cells, 
which may be non-rechargeable (dry) cells, 
or re-chargeable Ni-Cad cells. In the latter 
case, resistor Rx should be fitted to trickle 
charge the cells. 

Warning: Do not fit Rx if non-recharge- 
able cells are employed. 


Te Combination Switch or Combina- 
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HOW IT WORKS 


The essential features of the Combina- 
tion Switch are shown in Fig. 1. At the 
heart of the circuit is IC1, a coded “security 
lock” chip type UA3730. Data is entered 
with an inexpensive matrix keypad , and all 
the complex functions are performed by 
IC1. A 5V supply is required, but since 
most solenoids and sirens require 12V, a 
regulator (IC2) is used to power [C1. 

The voltage at pin 14 allows a small 
piezo buzzer to sound each time a key is 
pressed, and to indicate other functions. 
When the correct password is entered pin 
17 goes low (i.e. OV) for two seconds. The 
current available is amplified by a Dar- 
lington pair. 

Also, each time the cor- 
rect password is entered pin 
16 toggles — in other words 
it changes from low to high, 
or high to low. A single 
transistor and relay are used 
here to switch on or off an 
alarm etc. 

The output at pin 15 goes 
low for one minute to 
activate the siren via a 
Darlington amplifier, if the 
wrong password is entered 
more than three times. 


OPERATING 
THESYSTEM 


Each time a_ key is 
pressed, the small buzzer 
WD1 will sound. The 


password is entered by 
pressing the correct keys, 
followed by the button 
marked ‘‘#”. When first 
switched on the password is 0. 

The password may be re-programmed as 
follows: 


1 Enter the existing password. (Do not 


press **#”’) 

2 Press.” 

3Key in the new password — any 
combination up to 12 digits. 

4 Press * 


The “‘security” IC1 is now programmed 
with your new password. 












CIRCUIT 
DESCRIPTION 


The complete circuit diagram for the 
Combination Switch is shown in Fig. 2. 
The 12V power supply is delivered via 
diode D9 which prevents damage if 
the supply is accidentally connected 
the wrong way round. Capacitor C4 
decouples the supply, and 12V is available 
for the transistors, solenoid, relay and 
siren. 

The 12V supply is reduced to 5V by the 
regulator IC2. This is a 78L05 i.c. which 
provides a very stable 5V output at up to 
100 mA. Diode D2 prevents current return- 
ing to the regulator from the back-up bat- 
tery in the event of a power failure, and 
capacitor C3 provides further supply de- 
coupling. 

The 5V supply from IC2 is applied to pin 
9 of IC1. Diode D1 allows current to flow 
from the back-up battery to IC] during a 
power failure, but prevents current flowing 
into the battery from the circuit during 
normal operation. 


1G2 
ouT 78L05 IN & 
REGULATOR 
COM. 


UA3730 


Fig. 1. Block diagram for the Combination Switch. 


Optional resistor Rx should be fitted only 
if re-chargeable cells are employed. Rx 
allows a trickle charging current to flow 
when power is restored. 

The suggest value of 100 ohms for Rx 
provides a trickle charge current of about 
3mA. If the power supply is frequently 
disconnected, Rx could be reduced to 56 
ohms. Note that Rx MUST NOT be in- 
cluded if dry-cells are used, because there is 
a risk of the cells exploding. 
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INPUTS 


The keypad is'‘connected to ICI via pins 
5, 6, 7, 8, 10 and 11. The matrix arrange- 
ment of the switch contacts reduces the 
number of connecting wires and pins re- 
quired. 

Switch S1 is optional, and when closed, 
causes the siren WD2 to be triggered. S1 
could be used on a door or window or as 
an under-carpet pressure mat (or all three if 
wired in parallel), to trigger the siren if 
entry is forced without. first entering the 
correct password. 


OUTPUTS 


Output pin 17 is “active low’. In other 
words the pin is normally open circuit, but 
after the correct password is keyed in, pin 
17 is internally connected to OV. Pin 17 is 
connected via current limiting resistor R3 
to the base of TR1. 

Transistors TR1 and TR2 form a pnp 
Darlington pair. When pin 17 is open cir- 
cuit, no current flows from the base of 
TRI, and both transistors are turned off. 


COMPONENTS 


Resistors 


S 
100 (see text) TALK 


AllO:25W 5% carbon film Page 


Capacitors 
C1 270p ceramic plate 

1 radial elect., 63V 

Ou1, disc ceramic 

1000u, axial electrolytic 
16V or more 


Semiconductors 


1N4001 1A 50V rec. diode 
(3 off) 
1N4148 signal diode (6 off) 
1C1 UA3730 combination 
switch i.c. 
IC2 78L05 5V 100mA voltage 
regulator 
TR1,TR3, 
TR4 BC214Lsilicon pnp 
transistor (3 off) 
TR2,TR5 TIP42A silicon pnp power 
transistor (2 off) 


Miscellaneous 
WD1 Piezoelectric sounder 


WD2 12V high power siren 

RLA 12V 180 ohm coil or more, 
with changeover contacts 
(see text) 

S1 Door or window micro- 

switch (see text) 

Keypad, 12-key 4 by 3 X/Y matrix; 
plastics case (main unit), size 150mm 
x 100mm x 60mm; small plastic case 
(relay housing), size 76mm x 50mm x 
38mm; 12V solenoid or lock mechanism 
(see text); 18-pin d.i.l. socket; self- 
adhesive p.c.b. stand-off (2 off); back- 
up battery holder (for 3 AA cells), 
with battery clip; dry or rechargeable 
AA battery (3 off) — see text; multi- 
coloured connecting wire; 7-way “‘rain- 
bow” ribbon cable (see text); double- 
sided sticky pads; solder, etc. 

Printed circuit board available from 
PCB Service, code 812. 


Note: you may not require all these 
parts — see “Options” section. 


LI2 


Approx cost 
guidance only 









When pin 17 switches to OV, current flows 
from the base of TRI, and both TRI and 
TR2 turn on. 

Assuming that the gain of TR1 is about 
150, and the gain of the power transistor 
TR2 is 50, the total gain will be 150 x 50, 
i.e. 7500. Thus a current of 3A supplied to 
the solenoid requires only 0-4mA from the 
base of TR1. The circuit more than meets 
this requirement. 

As mentioned earlier, output pin 16 
toggles whenever the correct password is 
entered. In other words pin 16 changes 
from open circuit to low, then changes 
back again at the next correct entry. 

The use of a relay here ensures that the 
project can be used to control any type 
of device from an alarm system 
to unauthorised use of a 
Hi-Fi unit! Transistor 


IC‘ 
UA3730 
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TR3 is employed to increase the current 
available from pin 16 to that required by 
the relay coil. 

The output at pin 15 switches from open 
circuit to low when an incorrect password 
is entered more than three times. It is used 
to drive a siren via the Darlington pair 
TR4 and TRS. This operates in exactly the 
same way as with pin 17. 

Diodes D6, D7 and D8 remove any 
high voltage spikes which tend to be 
produced by electro-magnetic devices such 
as solenoids and relays. 


<> 
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BACK - UP 
BATTERIES 
3xAA 
(4V5) 


KEYPAD 


POWER SUPPLY (12V) 
+ 


PIEZO 
C | BLEEPER 
WD1 





Fig. 3a. Printed circuit board component layout and wiring to off-board components. Wiring from the keypad is shown in Fig. 4. 


OPTIONS 


The solenoid, relay and siren are all op- 
tional, and you may not require all three. 
If you omit any of these devices, certain 
other components can also be left out as 
follows: 


Solenoid not fitted: Omit R3, TRI, 
TR2, D8 

Relay not fitted: Omit R4, TR3, D7 

Siren not fitted: Omit RS, TR4, 
TRS5, D6 


CONSTRUCTION 


All the discrete components for the Com- 
bination Switch are mounted on a small 
printed circuit board (p.c.b.) which is fixed 
to the rear of the case lid. The memory 
back-up battery, sounders and relay are 
mounted on the base of the case 

The printed circuit board component 
layout and full size copper foil master 
pattern is shown in Fig. 3. This board is 
available from the PCB Service, code 812. 

Before soldering any components on the 
p.c.b., the final layout inside the case must 
be decided on. Remember, the p.c.b. is 
mounted on the back of the case lid and 
should be taken into account when setting 
out the off-board components, making sure 
they do not ‘“‘short-out” on the p.c.b. 

The best positioning of components can 
be found by laying the battery back-up 
holder in one corner of the case, the 
keyboard buzzer and siren down one side 
and the relay in the remaining corner — see 
photograph. If the mains supply is to 
be controlled by the relay, it should be 
covered or housed inside an additional 
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small plastic case (inside the main case) for 
added safety. 

Begin construction of the board with the 
1.c. socket, checking that the notch is 
towards the top of the p.c.b. Do not fit IC] 
into the socket at this stage. 


Next solder in the wire links using bare 
solid wire. Fit the resistors, with a care- 
ful check on their values. Diodes D1 to 
D9 may now be fitted, checking whether 
they are 1N4001 or 1N4148 types, and also 
checking that the black or silver cathode 





Fig. 3b. Full size copper foil master pattern for the Combination Switch. 
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FRONT OF KEYPAD 


FRONT OF P.C.B. 
(COMPONENT SIDE ) 


Fig. 4. Wiring from the keypad to the circuit 


board. 


(k) bands at one end agree with the layout 
diagram. Any diode fitted the wrong way 
round will prevent the circuit working and 
may even cause damage. 

No provision has been made for resistor 
Rx, since it must only be fitted if re-charge- 
able cells are used. If pads were provided 
for Rx, there is a danger that it would be 
fitted accidentally, and if dry cells are then 
employed there is a risk of the cells explod- 
ing. Consequently, Rx must be soldered to 
the pads used for diode D1 on the copper 
side of the p.c.b. if re-chargeable cells are to 
be used. 

The small capacitors, C1 and C3, may be 
fitted either way round, but the larger 
electrolytic capacitors must be fitted with 
the correct polarity, noting carefully that 
the negative side is usually marked with 
small minus signs and arrows. Just to be 
confusing, the positive lead of axial (lie 
down) capacitors nearly always emerges 
from the black end. 

Regulator IC2 looks like a transistor, so 
check the code, which should include the 
characters 78L05. It must be fitted with the 
flat side facing the right. TRI, TR3 and 
TR4 are also fitted with their flat sides 
facing the right. 

Transistors TR2 and TRS have a metal 
tab, and, looking from above, this tab must 
be on the right-hand side. A heatsink may 
be attached to these tabs if required; how- 
ever, this was not found necessary in 
the prototype circuit. The transistor body 
can become surprisingly hot before any 
damage results, and in this circuit both the 
current required and the “‘on time”’ is quite 
small. 


KEYPAD 


The keypad may now be fitted on the 
outside of the case lid. But before doing 
this, suitable lengths of multi-coloured 
leads or 7-way “rainbow” ribbon cable 
should be soldered to the key contacts. 
These leads/cable should be threaded 
through a suitable “window” cutout in the 
lid so that the opposite ends can be 
soldered to the board, as shown in Fig. 4. 
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If using leads, use long wires 
(which can be bunched up later), 
and a variety of colours if possible. 
Note that from the underside of the 
keypad, the numbers 1, 2, etc. read 
backwards. 

Solder in all the other insulated 
connecting leads noting the con- 
vention: red for positive, black for nega- 
tive. It is difficult to generalise about the 
connections for the solenoid etc. since 
individual circumstances will vary. These 
devices could be connected via terminal 
blocks to retain maximum flexibility. 

Note that the small buzzer WD1 must be 
a piezo type; an ordinary buzzer will not 
work. Wires may be connected to the back- 
up battery holder, but do not load the cells 
at this stage. 

Finally, IC] may now be inserted into its 
socket, checking that the notch or dot is 
towards the top of the p.c.b., regardless of 
which way round you fitted the socket. 


CASE 


Assuming that the circuit is to be housed 
in a conventional case, the keypad is best 
connected to the p.c.b. via flexible insulated 
leads. The photographs show how the bat- 
tery box, relay (and small plastic case if re- 
quired), siren and buzzer are positioned in 
the main part of the case, with the p.c.b. 
mounted on the inside of the lid. The key 





The completed circuit board mounted on the rear of the case lid. 


pad is fixed with self-adhesive sticky pads 
to the outside of the lid or if the cutout in. 
the case matches the keypad exactly, it may 
be glued in place. 

Begin by drilling all the necessary -holes, 
and a slot for the keypad connecting pins. In 
the prototype the siren was fitted inside the 
case, but in practice it might be connected 
via long leads to the side of a wall etc. 

The relay may be glued into position. 
If the relay switch contacts are to con- 
trol mains equipment, take great care to 


. prevent the mains coming into contact with 


any part of the low voltage wiring. 

A wise safety precaution is to house the 
relay in a separate small plastic box in- 
side the main case. This guards against 
electric shock in the event of internal parts 
such as batteries becoming loose and fall- 
ing against live contacts. 

The battery box, siren and buzzer may 
be secured with glue or double sided sticky 
pads. The p.c.b. may be fixed to the lid of 
the case using self-adhesive p.c.b. supports, 
taking care to position it in such a way that 
the lid will close easily. | 


TESTING 


When the main power supply:has been 
connected, press a key, and check that the 
piezo buzzer WD1 sounds. If it does not, 
disconnect the power supply and check for 
obvious faults such as either IC1, WD1 or 


The back-up battery holder, keypad piezo buzzer, siren and relay box mounted in 


the base of the case. 
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The completed unit sho wing position- 
ing of the keypad. 


any diode the wrong way round. Double 
check the connections between the keypad 
and the circuit particularly if flexible wires 
have been used. 

Re-connect the power supply and if 
WDI still fails to sound, using a voltmeter 
(multimeter set to d.c. volts) attach the 
negative lead to OV on the board (the 
negative end of C4 is a convenient place to 
clip a lead), and use the positive voltmeter 
lead as a probe. Touch the positive end of 
C4 with the probe; a reading of between 
11V and 12V should result. 


Check the following results: 


Voltage regulator [C2 
Input = 12V (approx) 
Common =0V 
Output =5V 


Combination switch IC] 
Pin 2=0V 
Pin 3=0V 
Pin 9=4V to 5V 
Pin 14=4V to SV, dropping slightly 
if any key is pressed. 
Pin 13=as pin 14 


If the pin 14 test is satisfactory, the 
buzzer WD1 must be at fault. 

If WD1 is operating correctly, try input- 
ting the password 0, followed by the button 
marked*. The solenoid should operate for 
two seconds and the relay should toggle. 
Try entering the wrong password three 
times. The siren should operate. 

If any or all of these tests fail, establish 
whether the i.c. or the transistors are at 
fault, by taking voltmeter readings as fol- 
lows: 

Connect the positive lead of the 
voltmeter to 12V positive (the positive end 
of .C4 is a handy connecting point), and use 
the negative voltmeter lead as the probe. 

The voltmeter readings (not the actual 
voltages relative to OV), should be as 
follows: 

ICI pin 17 changes from OV approx. to 
12V approx. for two seconds on correct 
password. 

Pin 16 toggles between OV and 12V ap- 
prox. at each correct password. 

Pin 15 changes from OV approx. to 12V 
approx. for one minute if three wrong 
passwords are entered. 

Failure to obtain these readings indicates 


that IC] is not working correctly, or not 
connected properly, otherwise one or more 
of the transistors or associated components 
must be at fault. 


FINAL SETTING UP 


If all is well and the circuit is work- 
ing correctly, try changing the password as 
described at the beginning of the article. 

The back-up battery may now be con- 
nected. If the 12V power supply is discon- 
nected the password should still be retained 
by ICI. 

The optional door switch S1 must be 
normally open for correct operation of the 
circuit. When the contacts of S1 close, the 
siren is triggered for one minute. This trig- 
ger could be used to set off a conventional 
alarm system if preferred. 

A number of options are possible; for 
example, switch Sl could be an under- 
carpet pressure mat, or a lever-operated 
microswitch (as shown in Fig. 3). 

If a microswitch is used, then the lead 
marked X (see Fig. 3) must be connected 
to contact A for correct operation if the 
switch is positioned such that it is pressed 
when the door or window is closed. SI 
could also be used in this way to detect 
somebody tampering with the case of the 
project. 


SOLENOID 


An inexpensive solenoid will provide a 
small amount of movement, and a degree 
of mechanical skill is required to enable it 
to operate a lock successfully. For some- 
thing over £10 an electric door catch 
release can be purchased. The solenoid 
only operates for two seconds since its 
purpose is to release the door, not open 
it! 0 
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5.25” Disk Drives, 80 Tk, DSDD 
(The £9.00 drives are sold on a strictly ‘as is” basis) 


5V a 6A 


'365 ‘366 ‘373 ‘385 ‘390 ‘399 ‘670 682 
27128 EPROMS 
27256 EPROMS 


4 MBit-10 DRAM (Ex EQUuIPMEND)....... eee 


62256-10 32K Byte SRAM... 



















818 


CAMBRIDGE COMPUTER SCIENCE LIMITED 


Used PCs complete systems from £90... cee 
Borland C+ + 2.0 for DOS & Windows complete with mouse 
LCD modules.............. 16 char by 1:€4.00, 20 char by 2:€6.00, 40 char by 1: £6.00 
3.5" 720K Diskette Drive... ccsesescscsssssscscesssseeseeesseeees 
1 OMByte Winchesters, used, 3 months Wty...........00....00.. 
5.25” Disk drives, 1.2MByte SHIMUIMNG PCoocccccccccccccccccscssssssssveseeee 


ian used PC/ATs from £200 
loo Soutien £45.00 each 


ee eer ar each 


5.25” Disk Drives, 80 Tk, DSDD Used, NO WLY........cscessecenee 


Digital multimeter, 14 ranges, inc. leads & Manual............... 
Apricot wes drive PSU 5V @ 2.5A, 12V @ 2A ceccccsssssssesvsseeeeee 
5Va SOA BOUT esc sascecesasieousitan eis scestvanebecsaditecoselix couasensenesesavenadcuixtaee 
Nicads AA £0.89, C £1.99, D £2.09,PP3 £4.99, Universal Chargev.............. €5.99 each 
Disk Drive Data lead BBC Micro to Disk DIiVe(S)....ccccccccccco.. 
Disk Drive Power lead BBC Micro to Disk Drive(s)................ 


Z80A CPU, CTe. BN crcaseesascesietetectoens shtrsetiariseusd nat enced £1.20each; DMA £2. oo. 2a 50 alla 
7ALS TTL, pick and mix, buy 10 Or More FOF oo... 
Types available: '00 ‘02 '04 ‘08 ‘10 '11 1213 1415 ‘20 ‘21 ‘26 '27 '30 '32 '33'37 
‘38 ‘42 '74'83'85 ‘86 ‘96 ‘107 109 122 125 132 136 138 139 145 151 ‘153 
‘157 158 '160 ‘162 ‘163 164 '165 174 191 '193 ‘240 '253 '257 ‘260 ‘298 '353 


Bs uitabeacaiiee £0.12 each 


27128 EPROMS (EX EQUIPMEND).........0.0ccccccccccccetcseseseeteeneneee 


27C256 EPROMS (EX EQUIPMEND).....0.0 ccc ccc eeesesenees 
DIC D5 6-25 CROWNS saisssciecesacsscivastnncenivavadevinsgneassssincuctaivtsncvien 
27C512 EPROMS (EX EQUIPMENT)... ccc ceeseetsseneeeees 
256K DRAM (EX EQUIDMEND).........cc ccc ccececccsceeseseseeeeeesteeneneenes 


5256 52 VCC FINS ssecisssvingieansinicieenvderorserssbasesbiaprithubvantscurhardeens 
BK BVTC NV (AIM CIUDS vcsccsesssssciessasssessssssincssssssatconcassisscnsnsecacsnicavess 

16,18 & 20 pin dil low profile IC sockets 0.3” wide............... 
22 & 24 pin dil low profile IC sockets 0.4” WIE.............:0 
24, 28, 32, 40 & 48 pin dil low profile IC sockets 0.6” wide 
Circuit tester, finds faults in TTL & CMOS logic circuits, inc leads.................. £6.00 each 
Metal project boxes drilled & painted but unused 28 x 32.5 x 5cmM...........5. €5.00 each 
BUC OG ANS ROCKS caciscesessivinarrge gestdaiaticea teste cocr cme amebentnanaien 
Range of Aluminium & plastic project boxes (ask for list) 

SIRE CECE CTO Sess. ccecsescrsssi sais dicestccrrhenitneniieamlesadesnntiarinns 
Used computer cards many useful components (large ones socketed) 
Wini controller (WD HDC Cli)... ccc ecccceeeeseeeteteseteeees 
CPU card (8088, Z80 & EPROMS).........cccccccccccescesscseseseseseeeeeeee 
Keyboards, full Qwerty, number pad and LCD..............0...008. 
Desktop computer case with 200W mains PSU (used)........ 
Prices aber og Add £1 (plus VAT) to orders below £5.00. All items new unless stated. 

Add 17.5% VAT to all prices. Send an SAE for our latest list or for more info. 


Dept EE, 374 Milton Road, Cambridge CB4 1SU 
Tel: 0223 424602, 0831 430496 or 0831 430552 (Mail order only) 


Hespeteneeaesranncsaes £19.00 each 




















































5.25” Disks, DSDD, 48tpi, DOXES OF 10... cc cccescssescsseseesesseseseenesteseeneaeeeeeees £2.00/box Kit Sizes: 
Lockable diskette boxes for 80 *3.5” or 100 *5.25” (state WHICH)...............4- £5.99 each 
Small sized diskette boxes (lockable)..................... 40 *3.5" £4.75, 50 *5.25" £4.99 each 


beds tesnasarasroenseta tin £12.00 each Approved Key-fob Transmitter: TXKF........0:..cccseesteesseeesseesssseesseessesseeses QO 
sssensnnnsenneneannee £10.00 each Individual Kit Transmitter: TXKT.......ccscccscssssssssssessssssseesesseeeesssseceeeeeee+ 15.99 
Heseaneeeneneenersaee pyar Individual Kit Receiver (8-way DIL switch): RXDS.......:.sessssssseecssssseee £19.99 
Charaer._. Inidivdual Kit Receiver (Cut Tracks): RXCT...........cccccesseseseeseseeeseeseesesses fe 1899 
Single 2.00 Dual £4.00 each De TR le Se RSV sercsttosatenvevenzsinntsetsrenesesacncrs imtatennngoaneeins £39.99 
Single 2.00 Dual £4.00 each TT TRS; Se cetisivvctlesnessavessinsstnevoedabsecinecrigintdceanvaoranensicn £29.99 
athe abet = aa poner Quantity Discounts Available. Please allow 28 days for delivery 





Available as: 


Kit Supplies: Tx 3-15V Rx (both) 9-15V 


BLB Electronics 


341 Darwen Road, Bromley Cross, 


LOW COST 418MHz UHF RADIO SWITCHING 
AS USED BY THE PROFESSIONAL SECURITY MARKET 


Incorporating the latest Surface Acoustic Wave technology, the system consists of a small 

“Zzero-power’, UHF transmitter with digital encoder and a UHF receiver unit with digital decoder 
and momentary output. Transmitter available either as fully assembled unit in its own key-fob 
case which is fully MPT approved (codes set by cutting tracks) or in kit form with 8-way DIL 
switch. Receiver also available in two kit forms, one which uses cut tracks to set code (over 
13,000 codes available), the other uses an 8-way DIL switch (256 codes). 






Tx 45 x 30mm Rx (both) 45 x 55mm 


Range: Up to 100m 


Cheques/POs to: 


Bolton BL7 9BY 


CONTROL PORT for PCs 


This 1/O Port follows the general approach of the ‘INTERFACING to PCs’ 
series in this mag, BUT allows user's prototype control circuitry to be set 
up and run OUTSIDE the PC. 

The double sided pcb fits into an I/O slot, and a ribbon cable terminating 
in a D-25 plug allows the control of projects with little risk to the PC. On 
board facilities include: 8-bit A-D, 8-bit D-A, 8 inputs, 8 latched outputs, 
3 strobes and 1 IRQ. 


(a) Etched double sided board with full instructions for drilling/ 
assembly/testing using BASIC £1 


(b) Complete I/O card with ribbon cable and BASIC test programs. 
(Built and tested) £29. 


Also available: Test pod with D-25 socket providing analogue and digital 
test signals/outputs for the |/O card, with BASIC 
test programs on disc 


All above prices include P&P. Mail Order only from: 


R. BARTLETT, 


17, LIME TREE AVENUE, TILE HILL, 
COVENTRY CV4 9EY 
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Finally...an exceptional PCB and Schematic CAD 
system for every electronics engineer! 











Boardmaker 1 is a DOWerful software tool which 
provides a convenient and professional method 
of drawing your schematics and designing your 
printed circuit boards, in one remarkably easy to 
use package. Engineers worldwide have 
discovered that it provides an unparalleled price 
performance advantage over other PC- based 
systems. 


BoardMaker 1 is exceptionally easy to use - Its 
sensible user interface allows you to use the 
cursor keys, mouse or direct keyboard 
commands to start designing a PCB or 
schematic within about half an hour of opening 
the box. 


HIGHLIGHTS 


All trade marks acknowledged 
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Produce clear, professional schematics for 
inclusion in your technical documentation. 
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Despite its quality and performance, 
BoardMaker 1 only costs £95.00. Combine 
this with the 100% buy back discount if you 
upgrade to BouiGMaker 2 or BoardRouter 
and your investment in Tsien products is 
assured. Price excludes carriage and VAT. 


Don’t take our word for it. Call us today for a 
FREE demonstration disk and judge for yourself. 





tsien. 


Tsien (UK) Limited 


Cambridge Research Laboratories 


181A Huntingdon Road 
Cambridge CB3 0DJ 
Tel 0223 277777 

Fax 0223 277747 
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INTER FACE 


Robert Penfold 


A’ POINTED out in last month’s Interface 
article, it is not essential to have a 
special driver circuit in order to control a 
stepper motor. Control can be provided 
by driving the four solenoids from four 
latching digital outputs of a parallel port, 
via relay driver style circuits. This table 
shows the output states needed in order 
to drive a four phase stepper motor cor- 
rectly. 


Step Number QI Q2 Q3 Q4 


Oo WN Re 
Ao ae 
6 ee A aa aes 
eo 
yf 1D 


Of course, step 5 just takes things back 
to the beginning of the sequence, and for 
continuous rotation steps I to 4 are just 
repeated over and over again. For con- 
tinuous rotation in the opposite direction 
the sequence is reversed (i.e. repeat steps 
5 to 2 over and over again). 

You will notice that Q1 is always at the 
opposite state to Q2, and that Q3 is al- 
ways at the opposite state to Q4. This 
permits simplified control with each pair 
of solenoids being driven from one digital 
output line. One solenoid in each pair is 
driven in-phase, while the other is driven 
out-of-phase via an inverter stage. 

The basic scheme of things is shown in 
Fig. 1. An identical circuit (controlled by a 
different output line) is needed to drive 
the motor’s other two solenoids. The in- 
verter can be any TTL or CMOS type 
powered from a 5 volt supply, or a 4000 


D1 
1N4002 


IC1 
4069BE 


series CMOS inverter powered from the 
12 volt motor supply. Alternate toggling 
of the two digital outputs steps the motor 
to give continuous rotation. 


SAA1027 


Although driving a stepper motor with- 
out a special interface device is clearly not 
particularly difficult, most users seem to 
prefer the convenience of a proper inter- 
face circuit. The hardware is much more 
costly, but the software side of things is 
more straightforward. 

The standard stepper motor driver chip is 
the SAA1027, which 
is not a_ particularly 
modern device, and it 
is out-performed by 
some more recent 
chips. For the amateur 
user it is still probably 
the best choice though, 
as it is relatively cheap, 
has a perfectly ade- 
quate level of perfor- 
mance, and it is readily 
available. It is very 
easy to use, as can 
be seen from the 
basic SAA1027 step- 
per motor driver circuit 
of Fig.2. 

On the output side 
of the circuit there 
is no need for dis- 
crete protection diodes 
as protection circuitry 
is incorporated in the 
SAA1027. The supply 


Direction © 


D2 
1N4002 


Fig. 1. Driving two stepper motor solenoids from a single output. 
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voltage can be anything from 9.5 to 18 
volts, but most small stepper motors seem 
to be designed for 12 volt operation. The 
maximum permissible output current is 500 
milliamps, which means that the resistance 
of each solenoid should be 24 ohms or more 
for operation on a 12 volt supply. In practice 
most stepper motors seem to have coil 
resistances of a round 100 ohms or more, 
and are therefore perfectly suitable for use 
with this circuit. 

The circuit is controlled via three in- 
put lines, one of which is the “Clock” in- 
put. Each input pulse on this line shifts 


IC1 Stepper 
SAA1027 





Fig. 2. The SAA7027 driver circuit. 


the motor one step, and it is on high to 
low transitions that the outputs of ICI 
change state. With the motor connected 
to the circuit correctly, taking the “Direc- 
tion” input low gives clockwise rotation 
of the motor - taking it high gives counter 
clockwise rotation. 

Pulsing the “Reset” input low simply 
takes the outputs back to their initial state 
(i.e. step 1/5 in the table provided pre- 
viously). This does not mean that the 
motor will be taken back to its starting 
position. To permit this the software must 
include a counter which is incremented 
each time the motor is stepped in one 
direction, and decremented whenever it is 
stepped in the opposite direction. 

The counter will then indicate how 
many steps the motor must be moved, and 
in which direction, in order to return it to 
the starting position. It is then quite easy 
to implement a software routine which can 
read the counter and step the motor back 
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to its starting point. In some applications 
the “Reset” input will not be needed, and it 
is then simply connected to the + 12 volt 
supply line. 


Level Shifting 

One slight problem when using the 
SAA1027 is that its inputs are not 
designed to operate using normal 5 volt 
logic levels. Logic 1 is at a potential of 
around 12 volts, not 5 volts. There 
should be no difficulty in controlling the 
SAA1027 from a CMOS control circuit 
having a 12 volt supply, but with 5 volt 
logic control circuits a level shifter will be 
needed at each input. 

There are several ways of providing this 
simple level shifting, including circuits 
based on operational amplifiers and open 
collector TTL chips. In this case a very high 
operating speed is not essential, and simple 
transistor level shifters are perfectly ade- 
quate. Fig. 3 shows the circuit diagram for a 
simple level shifter of this type. Of course, 
one of these circuits is needed at each input 
of the SAA1027. 


OV 


Fig. 3. Simple level shifter cir- 
cuit. Note that this provides an 
inversion. 





Note that there is an inversion through 
each level shifter. Therefore, with these cir- 
cuits added a high level on the “Direction” 
input gives clockwise rotation, pulsing the 
“Reset” input high resets the circuit, and 
the motor is stepped as the “Clock” input is 
taken through a low to high transition. 


Comio V.1.00 


Comio is a set of C callable functions 
which form a buffered serial i/o com- 
munications library. It is an interesting 
product, both for what it does and how it is 
presented. 

Intended for IBM PC computers and 
compatibles, Comio is supplied as a set of 
source code files in C and 8086 assembly 
language. No object files are supplied, so 
you need both a C compiler and an 
assembler to use it. It was written using 
Microsoft’s Quick C with Quick Assembler 
package (something the author has used 
extensively), but it should also be usable 
with the full professional Microsoft C and 
Macro Assembler (MASM). 

The assembly language file is supplied in 
two versions, one of which uses the 
simplified segment directives (MODEL, 
‘CODE etc.) and the macro features of 
Quick Assembler and MASM 5.1 and 6.0. 








Inexpensive PIO 


On more than one occasion I have 
bemoaned the lack of low cost 
prototype cards etc. for the PCs. The 
situation is now slightly better than it 
was two or three years ago. Maplin sell 
three useful prototyping cards at 
reasonable prices, and there are some 
useful products available from R. 
Bartlett which are often advertised 
in Everyday with Practical Electronics. 
Recently I have been trying out the 
Maplin 8255 PIO card for the PCs. 

This is a kit for a straightforward 
8255 PIO card which gives 24 
input/output lines. These, plus the 
























The Maplin 8255 
PIO card for PCs. The 
d.i.1. switch (left) provides 
a wide choice of address ranges. 


The other is plain vanilla 8086 assembly 
language, and should be usable with other 
assemblers. The C code is ANSI com- 
patible. Most current C compilers meet this 
standard. 

The product implements a fully buff- 
ered, instant return communications sys- 
tem. When a program written using Comio 
sends data to a port, the functions return 
immediately, so the program can continue 
operation while the Comio functions deal 
with transmitting the data in the back- 
ground. Buffered read functions are also 
provided. 


Functions 

The full set of functions includes open- 
ing and closing routines, functions to read 
and write single bytes, and to read and 
write multiple bytes (block or null-ter- 
minated string), functions to check for 
completion of read write operations, and 
error handling functions. There are also 
functions to check the validity of ports 
and file pointers, and a number of other 
“utility” functions. In all, 23 functions are 
provided. 

The ports can be fully configured for 
Baud rate, parity etc. in the opening 
function, and the closing function makes 
sure your program tidies up after itself. The 
memory for the buffers is not allocated 
until communications are opened, and it is 
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supply lines, are made available on a 37 
way D connector. The address range 
occupied by the card can be altered via 
a bank of d.i.p. switches so that conflicts 
with other hardware can be avoided. 
The printed circuit board is a good 
quality through-plated type. Everything 
fits together properly and the finished 
unit worked first time. 

Even with the recently increased 
price of £21-95 (plus 80p if you require 
the 8255 data sheet) this kit still repre- 
sents very good value for money, and is 
one of the cheapest ways of connecting 
a PC to relay drivers, D/A converters, 
etc. The Maplin order codes are LP12N 
for the kit, and XK97F for the 8255 
information sheet. 





freed on closure. This means memory 
is not occupied if the communications 
facilities in a program are not used. The 
buffer sizes can be from 19 to 66519 bytes. 
The two serial ports, COM1 and COM2, 
can be used concurrently for read or write. 

The manual is extensive. It runs to 77 
A4-size pages in a channel binder, is well- 
written, and includes a full description of all 
the functions, plus background information 
and descriptions of the example programs. 
You should not find yourself foundering, 
short of some vital information, with this 
manual. The example programs are inter- 
esting, but you will, of course, need some- 
thing for them to communicate with to ex- 
plore them fully. 

The most obvious uses for this product 
are perhaps to write a printer driver or a 
communications system between two com- 
puters, but other uses are possible, includ- 
ing control and robotics. The serial ports 
have, perhaps, been under-used in these 
areas, but Comio could help to change this. 
Being supplied in source code, it may also 
interest students of programming, who 
may be interested to see how a device 
driver is implemented. 

Comio is remarkably inexpensive at 
£34.00 including VAT. It is supplied di- 
rect by Micro SciTech Ltd., Dept EPE, 2 
Coxford Drove, Maybush, Southampton, 
SO1 6FD, Telephone/Fax 0703 784578. 
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Constructional Project 


CHRISTMAS LIGHTS 
COLOUR SPECTRUM 


BY MARK DANIELS 


Drives up to 3O/le.dsand produces a 
steadily changing colour sequence 
from red to orange, yellow and green 


to yellow, etc. 


HERE have been many designs pub- 

lished for Christmas lighting effects 

units, a number of which have been 
add on units for conventional filament 
lamp sets, producing various flashing, 
sequencing or shimmering effects. Other 
designs have made use of more modern, 
semi conductor lamps, or l.e.d.s as they are 
better known. 

Using single colour l.e.d.s a conventional 
string of lights can be made which may 
then be driven by suitably designed elec- 
tronics to produce one or more of the ef- 
fects outlined above. If, however, two l.e.d. 
dies of different colours are encapsulated in 
a single colourless, translucent package a 
broad range of the light spectrum may be 
produced simply by driving the two dies at 
various current ratios. 

The two colours best used for this are 
Red and Green. Being two of the primary 


colours they can, between them, produce a 
wide variety of other colours including yel- 
low and orange of various shades. The 
third primary colour is, of course, blue, 
but is not readily available in a bi-colour 
package. 


OBTAINING THE 
SPECTRUM 


There are two possible ways of connect- 


ing a red and a green l.e.d. in a single’ 


package, each with its own advantages 
and disadvantages. The simplest way, as 
depicted in Fig. la, is to connect them in a 
common cathode (k) (or common anode 
(a)) configuration, with three connection 
leads. This has the advantage of allow- 
ing both l.e.d.s to be lit simultaneously 
providing a continuous spectrum by driv- 
ing them over a range of current ratios. 
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The alternative is to connect them in in- 
verse parallel (Fig.1b) such that connec- 
tion to a d.c. supply will cause either one 
or the other of the diodes to emit light 
(but not both together) depending upon 
the polarity of the supply. This has the 
advantage of requiring only two connect- 
ing leads. 

It would appear at first glance that the 
only way a wide colour spectrum may be 
obtained is by using the “‘tri-colour”’ L.e.d. 
with its three connecting leads. This is, 
indeed, a possibility and may be realised 
with fairly simple drive circuitry. 

Further investigation reveals that paral- 
lel connection of the devices using 
three-core connecting wire is necessary to 
produce a chain of lamps and that each 
individual |.e.d. requires its own current 
limiting resistor. This does not make it 
easy to produce an attractive chain of 
Christmas lights. 

The two pin “‘bi-colour” device ap- 
pears, at first glance, to be even more 
awkward to use in this application than its 
multi-pin cousin, since it is not possible to 
light both the green and red l.e.d.s simul- 
taneously due to their conflicting polarity 
requirements. It does however eliminate 
the above connection problems, as simple 
series connection of the devices is now 
possible. 

The fact that the red and green l.e.d.s 
may not be on together is not a par- 
ticularly serious problem as the response 
of the human eye is fairly slow. If we 





Fig. 7. (a) “Tri-colour” Le.d. diagram 
and encapsulation and (b) “bi-colour 
diagrams. 
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Fig. 4. Non-linear 
triangular waveshape 
Fig. 2. Output waveform produced by produced across C4 
the unit. by 1C7. 


switch between the two colours sufficiently rapidly (more than about 25 
times per second) the brain will perceive the result of the two colours 
being mixed together to produce yellow or orange, depending on the 
intensity ratio. 

This allows us to use an alternating current supply which lights alter- 
nately one, then the other of the two colours. A symmetrical square 
waveform as depicted in Fig. 2a will light the red and green for equal 
lengths of time in each cycle producing yellow light. Using the asym- 
metrical waveforms of Fig. 2b and Fig. 2c will produce nearly pure red 
or pure green light. 


CIRCUIT DESCRIPTION 


The complete circuit diagram for the control board of the Christmas 
Lights Colour Spectrum is given in Fig. 3. The circuit is powered 
from the mains via a conventional stabilised power supply comprising 
transformer, T1, rectifier diodes, D1 to D4 and electrolytic smoothing 
capacitor, Cl. Zener diodes, D5 and D6 with current limiting resistor, 
RI regulate the supply providing 15 volt and 30 volt supply rails. 

A 555 timer, IC1, is employed here in its astable mode to provide 
the low frequency timing waveform, which has a period of approx- 
imately ten seconds. The non-linear triangular waveform produced 
across capacitor C4 by IC] (see Fig. 4) is buffered by transistor TR1 and 
provides a modulating input to the control voltage pin (9) of IC2, a 
phase locked loop. 


V.C.O. 


In this application only the voltage controlled oscillator section 
(v.c.o.) of the 4046 is used. A 5-4V Zener diode is connected internally 
across pins 8 and 15 of IC2 which is used in conjunction with Zener 
diode D8 and resistor R6 to provide a stabilised supply above the 
normal zero volt rail. This allows the triangular waveform produced by 
IC1 to sweep the complete control voltage range of the v.c.o. 

The variable frequency output of IC2 is used to repeatedly trigger a 
short period monostable, IC3, the pulse length of which may be ad- 
justed by preset VR1. At the highest output frequency of IC2, each pulse 
produced by IC3 is very nearly equal to one output cycle of the v.c.o. 
and thus produces an almost continuous positive voltage, as in Fig. 2b. 

As the frequency of the v.c.o. reduces, the time interval between the 
pulses from IC3 increases and a point is reached when thee time be- 
tween pulses is equal to the duration of the pulses, shown in Fig. 2a. At 
this point the red and green I.e.d.s are on for equal time intervals and 
will produce light of a yellowish colour. Reducing the frequency of the 
v.c.o. still further, to its minimum, will give the longest intervals between 
pulses and the effect of the pulses is almost negligable. 


BRIDGE AMPLIFIER 


The output at pin 10 of IC3 is a low level signal of approximately five 
volts peak and capable of providing only a few milliamps of current and 
thus requires amplification to provide a useful output. A dual op-amp 
IC4 is connected as a bridge amplifier to provide dual complementary 
outputs of 60 volts peak-to-peak from the single input. 

The high current output stage comprises two complementary fol- 
lowers, consisting of pairs of npn/pnp transistors, TR2 to TR5, con- 
nected in a bridge arrangement. This gives an output current capability 
approaching 200mA with the specified transistors, allowing at least 
three chains of l.e.d.s to be driven. 
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Fig. 3. Complete circuit diagram of the Christmas 
Lights Colour Spectrum. 


Resistors, R12 to R14 are the current limiting resistors 
for the l.e.d.s and are selected to give a current through the 
chains of l.e.d.s of around 20mA. Table | gives suitable 
values of resistor for up to ten l.e.d.s per chain, which is 
considered to be a sensible limit, although under ideal con- 
ditions twelve is possible, but the resistor will have to be 
selected by trial and error. 
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ALTERNATIVE 
CURRENT 
LIMITING 


With large numbers of |.e.d.s in a chain 
(see Fig. 5), the current difference between 
the red and green dies can become very 
significant due to the somewhat higher 
forward volt drop of the green die and the 
low voltage dropped across the current 
limiting resistor. This can be overcome 
to a certain extent by shunting the resis- 
tor. R_ with a diode and second resis- 
tor. Rg in series (see Fig. 6) to allow 
the current through the green dies to be 
increased without increasing the current 
through the red ones. 

The value of resistor, Rg will have to 
be determined by experiment. A suitable 
starting point would be to make Rg equal 
to R,. 7 

If the red brightness increases (rather 
than the green) when this circuit is con- 
nected, merely turn the diode round to 
obtain the correct result. 

The circuit of Fig. 6 replaces one of the 


COMPONENTS 


Resistors 
120 
5k6 1% metal film 
18k 1% metal film 
10k 


1M 
1k5 : 
100k (30f) TALK 
isk =e 


See Text and Table 1 
0.25W 5% carbon film, unless stated 


Potentiometer 
VR1 22k sub-min horz. preset, lin 


Capacitors 
C1 1000p axial elect., 50V 
47 radial elect., 25V 
100n polyester 5mm 
10p tantalum bead, 25V 
100n polyester (2 off) 
10n polyester (2 off) 


Semiconductors 
D1 to D4 1N4002 1A 100V rec. diode 
4 off) 


(40 
D5,D6 BZX8515V 1-3W Zener 
(2 off) 
D7 1N4148 signal diode 
D8 BZY88C5V1 400mW Zener 
D9,D10 Bi-colour two pin l.e.d.s, as 
etc many off as required 


TR1 BC184L npn silicon 

TR2, TR4 BC182L npn silicon (2 off) 
TR3, TR5 BC212L pnp silicon (2 off) 
1C1 555 timer i.c. 

iC2 4046B phase-locked loop 
IC3 4047B CMOS multivibrator 
1C4 LM1458N dual op.amp 


Miscellaneous . 

T1 6VA mains transformer: 
240V a.c. primary; | 
12V-OV-12V secondary 

Plastic case, size 220mm x 150mm x 

65mm; 8-pin d.i.l. socket (2 off); 14-pin 
d.i.l. socket; 16-pin d.i.l. socket; mini- 
ature d.c. power-in connectors (3 off); 
3-core mains cable; connecting wire; 
rubber grommet; solder tag; M3 x 12mm 
screws and nuts; solder, etc. 


£20 


Tp lomme On Ae 


Approx cost 
guidance only 
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Table 1. Suggested Current Limiting Resistor Values 


Approx value for 
R12, R13 or R14 


1k2 
1k2 
1k 

1k 

820 
820 
680 
560 
470 
330 


OMOMYMM HPWH = 


—_ 


Current (mA) 


Green l.e.d. 
Current (mA) 


21.5 
19,7 
21.4 
19.2 
20.7 
18.0 
18.5 
18.6 
17.4 


Red l.e.d. 


21.4 
20.0 
22.0 
20.0 
21.9 
19.5 
20.6 
21.4 
21.3 
24.2 





Fig. 5. Circuit diagram of a 10 1.e.d. light chain. 


resistors, R12 to R14 in the main circuit 
of Fig. 3 and may be repeated for each 
chain where a relative brightness problem 
is apparent. 


CONSTRUCTION 


The majority of the components are 


assembled on a single sided glass-fibre-. 


printed circuit board. This board is avail- 
able from the EPE PCB Service, code 813. 
The component layout and full size cop- 
per foil master pattern is shown in Fig. 7. 


Before commencing assembly of the 
printed circuit board. decide how many 
l.e.d.s are going to be used in each chain 
and then, from Table 1, select the ap- 
propriate value of resistor for each of R12 
to R14. If it is intended that a large 
number of l.e.d.s (e.g. eight or more) are 
to be used in one or more of the chains 
then it may be desirable to use the 
alternative method of current limiting, 
described above, for each such chain. 

For ease of assembly it is recommended 
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Fig. 6 (above). Alternative 
“biassed’” current limiting circuit. 


Fig. 7 (left). P-C.B. layout 
and wiring for the Christmas 
ouTPUT 2, Lights Colour Spectrum. 


COMMON 
OUTPUT 
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that the components are fitted in the 
following order: i.c. sockets, resistors, 
small capacitors, semiconductors (other 
than the i.c.s) and finally the large power 
supply smoothing capacitor, Cl. Check 
carefully the orientation of semiconduc- 
tors and the tantalum and electrolytic 
capacitors, as a mistake here could 
result in the affected components being 
destroyed or the completed circuit mal- 
functioning. A p.c.b. mounting screw 
terminal block was used on the prototype 
for the a.c. input and, if used, should also 
be fitted at this stage. 

It is suggested that the i.c.s be fitted in 
their sockets after the board has been 
mounted in the case. Care should be taken 
in handling IC2 and IC3 since these are 
both CMOS devices and may easily be 
damaged by exposure to static electricity. 


MAIN UONIT 
ASSEMBLY 


The assembled printed circuit board 
(p.c.b.), mains transformer and output 
sockets are all fitted in a plastic case for 
safety. A suggested case layout is shown in 
Fig. 8, with the majority of the parts fitted 
to the case lid. If the recommended case is 
used there will be plenty of room to get 
everything in without it being cramped. 

Using the p.c.b. as a template, drill four 
3mm mounting holes in the case lid and fit 
a plastic p.c.b. support pillar to each hole 


using suitable size self-tapping screws. The + 
board can now be mounted on top of these Fig. 8. Case layout and interwiring of T1 and the sockets. 
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pillars with four more screws after all exter- 
nal connections have been made to it, en- 
suring that the pillars are long enough not 
to allow the points of the screws to contact 
each other. 

The mains transformer is mounted 
adjacent to the p.c.b. using two M3 x 
12mm machine screws and nuts, an 
“Earth” solder tag being placed under one 
of the nuts for the mains earth (E) wire 
connection. Make the a.c. connections 
from the two ends of the transformer 
secondary winding to the p.c.b. using 7/0.2 
wire. No connection is made to the centre 
tap of the winding. . 

If the transformer used has two separate 
12 volt secondaries then these will need to 
be connected in series in accordance with 
any instructions supplied with the device. 
In the abscence of any data determine 
which connections go to each secondary by 
using a meter or a lamp and then connect 
them in series (i.e. one end of the first 
winding to one end of the second winding) 
and check for voltage across the two free 
ends. If there is no output then reverse the 
connections to only one of the windings. 

Decide how many chains of lights are 
going to be connected to the unit and fit 
a d.c. power socket to the main part of 
the box for each light chain. Up to three 


may be fitted without modifying the cir- 


cuit. On the prototype unit only two sock- 
ets were fitted and the third output was 
used to drive a bi-colour indicator l.e.d. 
fitted to the top of the case to show when 
the unit is operational. 

Drill a hole in one end of the box and fit 
it with a grommet for the mains lead. 
Thread a length of three core mains flex 
through the grommet and secure it in- 
ternally with a cable tie. Make the mains 
connections directly to transformer T1 
primary and connect the Earth lead to the 
solder tag fastened under the transformer 
mounting screw. 


LIGHT CHAINS 


It is important to ensure that all the 
l.e.d.s in a single set are from the same 
manufacturing batch to guarantee inten- 
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sity and colour matching of the devices. 
The l|.e.d.s may be made up into conven- 
tional strings or mounted on decorative 
card cut into stars or other traditional 
Christmas designs. 

The connection details for a string of 
ten l.e.d.s is shown in Fig. 9a. Note that in 
this diagram all the l.e.d.s are connected 
with the same polarity and will there- 
fore follow the same colour sequence as 
each other. Connecting alternate devices 
the opposite way round, as in Fig. 9b, 
will cause every other l.e.d. to follow the 
reverse colour sequence to its neighbours. 

Use thin single core stranded connect- 
ing wire, of an appropriate colour, e.g. 
green to match the Christmas tree, for 
making up the light cains. Cut the leads 
on each I.e.d. short and solder the wires to 
the l.e.d.s to connect them in series. 

The connections on the finished set may 
be given some protection by coating them 
with ‘“‘Araldite” or hot glue from a glue 
gun. Finally run a long wire from each 
end of the chain and connect to a mini- 
ature d.c. power plug to fit the socket(s) 
on the main unit 

An alternative method is to fix the 
l.e.d.s to a card star or other decoration, 
fold the pins over to secure them in place 
and make connections on the back of the 
card where they will not be seen and then 
glue a piece of paper over the wiring. 


TESTING 


Fit a mains plug, fused at 3 amps or 
less, to the end of the mains cable and 
give all the wiring a final check. If the i.c.s 
have not already been fitted now is the 
time to fit them, observing the handling 
instructions given earlier. 

Temporarily assemble the case (closing 
the lid), connect a string of lights to one of 
the output sockets and plug the unit into 
the mains. If all is well the lights should 
come on and, after a few seconds, start 
changing colour, eventually reaching the 
opposite primary colour to which they 
started at. The sequence then reverses and 
is repeated indefinitely. 

If all appears o.k. preset VR1 may be 


Fig. 9. (a) Connec- 
tion details for an 
lLe.d. where al/ 
“lamps” follow the 
same colour pattern. 
(b) Alternative con- 
nection where alter- 
nate Le.d.s follow an 
opposite colour pat- 
tern. The alternative 
current limiting. cir- 
cult is not required 
with this type of 
display. 


WARNING 


Due to mains 
voltage being 
present, extreme 
care should be 
exercised when 


carrying out work 
on the unit. In all 
cases the mains 
plug must be 
removed 





adjusted to obtain the best result. This 
adjustment allows the widest range of 
colours to be selected and also enables 
any “‘jittering” at the ends of the spectrum 
to be smoothed out. 

The “‘jittering”’ is caused by the monos- 
table, IC3 failing to retrigger, due to it not 
having finished its current timing cycle 
before the next trigger pulse arrives. This 
does prevent absolutely pure red and 
green from being obtained, but in practice 
the differences are virtually unnoticeable. 


FAULT FINDING 


‘If the Christmas Lights Colour 
Spectrum fails to work immediately at 
switch-on do not despair as the fault may 
turn out to be something quite simple. 
Check first for anything obvious such as a 
failed fuse in the plug or bad connections, 
dry joints, solder splashes bridging copper 
tracks, or semiconductors inserted the 
wrong way round, etc. 

If the unit still does not work then the 
fault may lie in malfunctioning com- 
ponents. With the circuit diagram at 
hand check power supply voltages first, 
across transformer Tl secondary, across 
capacitor Cl and across the Zener diodes. 
Then check for power to all the i.c.s and 
the collectors of the transistors. . 

The voltage across TR1 emitter (e) and 
pin | of ICI should be steadily changing 
over a period of several seconds, between 
approximately 5V and 10V or 11V (see 
Fig. 4). If it remains fixed at a steady 
potential try replacing IC] with a known 
working device (this is made much simpler 
if i.c. sockets were used when constructing 
the board). If this does not cure the fault 
then replace transistor TR1. 


CHECKING THE 
Vv. Cc. GO. 


With the control voltage on pin 9 of 
IC2 sweeping up and down in the correct 
manner a variable frequency square wave 
should be present at pin 4 of the i.c. Check 
for this with an oscilloscope, if one is 
available or use a loudspeaker with a one 
kilohm resistor in series with it across pins 
9 and 10 of IC2 and listen for a note 
which changes pitch over a few seconds. 
The note will become inaudible as the 
frequency falls below the lower frequency 
response of the ear. 

If IC2 fails to produce the correct 
output check the values and location of 
C6, R7 and R8 before replacing it. Also 
check the orientation of diode D7, as this 
protects the i.c. from negative input volt- 
ages as capacitor C4 initially charges from 
zero volts on the first cycle of IC1. 

The output from IC3 is best checked by 
connecting. a bi-colour l.e.d. and a one 
kilohm series resistor across pin 10 and 
pin 11 of the ic. (pin 11 is the com- 
plementary output to pin 10). The result if 
the unit is functioning correctly up to 
this stage will be the same as the ex- 
pected output from a fully functional unit. 
C7, VR1 and R9 are the components as- 
sociated with IC3 and should be checked 
before suspecting the i.c. 

The dual op.amp IC4 should only really 
need checking for its power supply rails 
(30 volts) and outputs across pin 1 and 
pin 7, which may be checked in a simi- 
lar manner to the outputs of IC3, but in- 
crease the resistor to 4k7. 

If everything is working up to this stage 
and the unit is still causing problems the 
fault will most likely be in one or more of 
the output transistors, TR2toTRS. OO 


Everyday with Practical Electronics, December 1992 


All our products are easy to install - they connect directly to either the 
printer or serial port and require no power supply. They are supplied with 


easy to use software which collects data for either display or print-out. 





@ 8 - bit resolution 

@ one channel 

@ 10-25k samples per second 

@ Oscilloscope/Voltmeter software 
@ 0-5 V input range 

@ Connects to printer port 


@ 10 - bit resolution 
@ 11 channel 
@ 5-10k samples per second 





@ Data logger software 
@® 0-2.5 V input range 
@ Connects to printer port 


@ 8, 12, 16-bit resolution + sign 

@ 8s/e or 4 differential inputs 

@ 2 16 or 300 8-bit samples per second 
@ = 2.5 V input range 

@ Data logger software 

@ Connects to serial port 


All prices exclusive of V.A.T. 


PICO TECHNOLOGY LTD 


Broadway House, 149 - 151 St Neots Road, Hardwick, Cambridge, CB3 7QJ 


Tel: 0954 -211716 Fax: 0954 - 211880 


PICO TECHNOLO 





(oe) 
No 
—~ 


Everyday with Practical Electronics, December 1992 











Hegular Clinic 


MIKE TOOLEY B.A. 


Once again, welcome to Circuit Surgery, our regular clinic for readers’ problems. In this 
month’s Surgery we take a look at reliable regulator design and attempt to explain some 
of the mysteries of “safe area protection”. For the test equipment enthusiast, we describe 
several probes which can be used to extend the performance of signal tracing equipment. 
We end this month’s instalment with a “round-up” of hints and tips sent in by readers. 


Probing around 

A letter from J. Ryan has prompted me 
to give some thought to the use of various 
types of signal-tracing probes. Mr Ryan 
has asked for some clarification concerning 
the probe which was designed for use with 
the Audiotest signal tracer which appeared 
in Everyday Electronics, March 1978 (issue 
NOT available). 





Fig. 1 Audiotest rf probe 


The Audiotest Probe (see Fig. 1) provides 
a simple means of demodulating amplitude 
modulated (a.m.) radio signals, allowing 
the audio frequency signal information to 
be recovered and then amplified within the 
Audiotest itself. The probe was linked 
to the Audiotest by means of a short 
length of single-core coaxial cable (the 
outer braid of the cable being connected to 
earth/common). 

I must confess to using an almost 
identical home-constructed probe in my 
own workshop and have found it to be 


PROBE TI Pg —ff 
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CIRCUIT 
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invaluable when fault-finding on radio 
equipment. Other signal tracing probes 
which I have found useful include an 
‘infinite impedance” probe (Fig. 2) and a 
‘“‘wideband”’ probe (Fig. 3). Both can be 
constructed on a small piece of matrix 
board and housed, together with a PP3 
battery, within a small probe case (e.g. 
Maplin JXS7M). 


Taken to task 


E. Fielder of Southampton has taken me 
to task over the position of the fuses in Mr 
Taylor’s high current power supply (Cir- 
cuit Surgery, October 1992). For those who 
may have missed it, Mr Taylor’s power 
supply had fuses fitted in both the line (L) 
and neutral (N) supply connections. 

As Mr Fielder rightly surmises, if the fuse 
in the neutral rail was to become open-cir- 
cuit the remainder of the mains input cir- 
cuit although apparently dead would still 
be live. This is a point worth noting and, if 
nothing else, should re-inforce the impor- 
tance of disconnecting any item of mains 
powered equipment before delving inside. 

There is, however, some justification for 
Mr Taylor’s use of a fuse in both line and 
neutral. Firstly, one cannot always rely on 
the line and neutral being correctly wired 
and secondly the neutral fuse could provide 
protection against the excessive current 


Fig. 2 (below). Infinite 
impedance probe 


Fig. 3 (right). 
Wideband 
(low-impedance) 
probe 









































which might flow if the neutral end of the 
mains transformer primary was to_be- 
come shorted to the transformer core (pre- 
sumably earthed). 

Depending upon the actual potential of 
the mains neutral connection (rarely is this 
exactly OV) a considerable current may cir- 
culate when the neutral and supply earth 
connections are shorted together. Clearly 
the correct position of mains fuses (not 
to mention switches) is a topic for some 
debate and other readers’ views and ex- 
periences on this topic would be most wel- 
come. 


Safe power supplies 

Regular reader Kevin Davies writes: 

“IT have a worrying problem concerning 
three-terminal voltage regulators. A friend 
recently asked if I could run his 6V camcor- 
der from a 12V battery temporarily until a 
purpose designed power supply was avail- 
able. 

I suggested a 7805 type voltage regulator, 
voltage boosted to 6.2V with two diodes in 
the common terminal. However, when I went 
to buy one from a local TV repair shop, the 
engineer suggested that it was unwise to use 
this method without over-voltage protection 
since these regulators commonly fail and go 
short-circuit. This would clearly damage the 
camcorder by applying the full 12V. 
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This is both puzzling and worrying since 
many other items of expensive equipment 
seems to use these regulators without any 
special over-voltage protection. Is it true 
that these regulators do go short-circuit 
when they fail? Also would you please 
explain what Safe Area Protection means 


since I notice in the RS Catalogue that the — 


1A regulators have over-current and ther- 
mal shutdown protection but the 2A and 
3A regulators also incorporate safe area 
protection.” - 

Well, Kevin, it really is difficult to know 
where to start with this one. Perhaps its 
tempting fate but I have used three-ter- 
minal voltage regulators in numerous cir- 
cuits and not had even a single failure (but 
perhaps I have been lucky). 

In any event, I decided to find out 
just what it takes to make one of these 
regulators go short-circuit by applying the 
output of a high-current 13V d.c. supply 
(via a 5A fuse for protection) to a 7805 
mounted on a 4°C/W heatsink. The cam- 
corder load was simulated using a 20 ohm 
5W resistor. An intermittent short-circuit 
applied to the output did not produce any 
adverse effects; the output voltage merely 
fell to OV when the short-circuit was ap- 
plied and then immediately returned to 
6-2V when the short was removed. 

Heartened by this, I applied a short-cir- 
cuit for 60 seconds. The output voltage fell 
to OV and the regulator quickly became 
very hot. Happily, the output voltage rose 
again (a little more slowly than before) to 
6:2V when the short-circuit was removed. 
This test was repeated several times, again 
with no adverse effects. 

I then resolved to leave the short-circuit 
in place permanently (or for as long as was 
necessary to cause the regulator to fail). 
After approximately ten minutes (with the 
heatsink running extremely hot), the out- 
put voltage suddenly rose to 9-8V signify- 
ing the point at which the regulator failed. 
Even so, it is worth noting that it did not go 
completely short-circuit. 

I am not. sure what this proves other 
than demonstrating that three-terminal 
regulators can (and do) fail internally and 
produce excessive output voltages. That 
said, it is worth emphasising that prudent 
design can be instrumental in significantly 
reducing the chance of regulator failure. 

Points to bear in mind when designing a 
‘safe’ supply include: 


1. Check that the regulator is correctly 
rated. 


2. Keep regulator dissipation to an ac- 
ceptable level by avoiding an excessive 
difference between input and output 
voltages. For most regulators a dif- 
ference of 3V to SV is all that is re- 
quired. A series-connected low-value 
wirewound resistor can help in this 
respect. 


3. Fit an adequately rated heatsink in 
order to avoid excessive temperature 
rise. As a rule of thumb (or should I 
say finger?), if you can place your 
finger on the heatsink close to the 
device and count to ten this usually 
indicates that all is well. 


4. Insert a silicon diode in the input in 
order to avoid inadvertent reverse 
supply polarity. This will usually 
destroy the device by literally blowing 
it open-circuit! 


5. Fit electrolytic capacitors of 47yF to 
100nF with adequate voltage ratings 


D1 FS1 R1 
1N5401 7 2n2 10W 


OUTPUT 


% IC1 MOUNTED ON A HEATSINK, 9°C/W OR BETTER 





Fig. 4 “Safe” 6V power supply suitable 
for a camcorder 


at the input and output. These can 
help to prevent momentary voltage 
surges. 


6. Fit ceramic 100nF capacitors at the 
input and output to prevent high-fre- 
quency instability and noise spikes. 


7. In exceptional cases, consider fitting 
an external ‘‘crow-bar” and input fuse 
to provide “last-ditch” protection. 


A representative circuit incorporating all 
of the above features is shown in Fig. 4. 

Kevin’s second point relating to ‘Safe 
Operating Area Protection” is somewhat 
more general. One can reasonably expect a 
semiconductor device to cope with either a 
high current or a high voltage. However, 
some devices (including power transistors, 
regulators and power hybrids) are required 
to withstand high current and high voltage 
simultaneously during normal operation. 

The ability of a device to tolerate such 
conditions is normally shown by means of 
a graph showing the region in which the 
manufacturer considers that the device can 
be used reliably. It is worth noting that the 
situation is a little more complicated when 
the device in question is intended for use 
in pulsed or switching applications. Here, 
there may be several graphs relating to 
different conditions of duty cycle or pulse 
duration. | 

A typical safe operating area graph for 
a power transistor is shown in Fig. 5. 
Modern power integrated circuits can in- 
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Fig. 5 Typical safe operating area graph 
for a power semiconductor 


corporate voltage and current sensing cir- 
cuitry which ensures that the device in 
question operates within the safe area. 


Next month: We shall be describing a 
range extender which will permit low-level 
audio meaurements on a basic multi-range 
d.c. meter. In the meantime, if you have 
any comments or suggestions for inclusion 
in Circuit Surgery, please drop me a line 
at: Faculty of Technology, Brooklands 
College, Heath Road, Weybridge, Surrey, 
KT13 8TT. Please note that I cannot 
undertake to reply to individual queries 
from readers however I will do my best to 
answer all questions from readers through 
the medium of this column. 


—— aaa, 


Hints and tips 

One.of the nice things about writing this 
column is that readers often include hints 
and tips in their letters. These are usually 
borne out of considerable experience and 
many are worthy of a wider audience. 
Hence, we end this instalment of Circuit 
Surgery with a quick round-up of those 
which have arrived in my post bag during 
the last six months: 

J. Holt recommends sorting unmarked 
transistors into npn and pnp groups and 
marking the TO18 and TOS cases with a 
small spot of enamel paint; red for pnp and 
blue for npn (does anyone else remember 
the “‘red spot” transistors of the 1950’s?). 


CONSTANT 
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Zener diode’ equivalent 





Fig. 6 Jeremy Field's 
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Andrew Wilkinson suggests that empty 
egg boxes make excellent storage “bins” 
for small components when _ building 
projects. Andrew also suggests storing 
nuts and bolts in see-through glass jars 
(rather than in drawers where they can’t 
be seen). 


Finally, Jeremy Field has found a novel 
use for unmarked plastic transistors, the 
base-emitter junction of which can be used 
as a Zener diode. Transistors of the 
**BC548/BC212 variety” can be used 
(whether they be pnp or npn) as shown in 
Fig. 6. The “Zener voltage” produced will 
normally be in the range 7V to 10V 
(around 8-:5V being the most common). 
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VIDEOS 


ON ELECTRONICS 


Everyday with Practical Electronics is pleased to announce the availability of a range of videos 
designed to provide instruction on electronics theory. Each video gives a sound introduction and 
grounding in a specialised area of the subject. The tapes make learning both easier and more 
enjoyable than pure textbook or magazine study. They should prove particularly useful in schools, 
colleges, training departments and electronics clubs as well as to general hobbyists and those 
following distance learning courses etc. 


The first four videos available are: 


Electronics And You — Part 1: D.C. Series and parallel circuits and the 
yr use of a digital multimeter. Running time approx. 51 mins. 
Order code VT1 £29.95 inc. VAT 


Part 2: A.C. Coils, capacitors, transformers and other a.c. devices. 


Running time approx 62 mins. 
Order code VTI2 £29.95 inc. VAT 


Part 3: Semiconductors. Basic semiconductor theory plus fifteen different 
semiconductor devices explained. Running time approx. 56 mins. 
Order code VT3 £29.95 inc. VAT 


Part 4: Power Supplies. A step by step look at how they work plus trouble 


yr shooting tips. Running time approx. 56 mins. 
Order code VT4 £29.95 inc. VAT 


Each video uses a mixture of animated current flow in circuits plus text, plus cartoon instruction etc., 
and a very full commentary to get the points across. The tapes are imported by us and originate from 
VCR Educational Products Co, an American supplier. 


To order see our Direct Book Service “Ordering Details” — the postage for tapes is the same as for our 
range of books and you can order tapes and books at the same time and pay only one lot of postage. 


(All videos are to the UK PAL standard on VHS tapes) 
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DIRECT 
BOOK 
SERVICE 


The books listed have been 
selected by Everyday with 
Practical Electronics editorial 
staff as being of special in- 
terest to everyone involved 
in electronics and computing. 
They are supplied by mail order 
direct to your door. Full order- 
ing details are given on the last 
book page. For another selec- 
tion of books see next month's 
issue. 








EVERYDAY ELECTRONICS DATA BOOK 

Mike Tooley BA 

(published by EE in association with PC Publishing) 
This book is an invaluable source of information of 
everyday relevance in the world of electronics. It contains 
not only sections which deal with the essential theory of 
electronic circuits, but also deals with a wide range of 
practical electronic applications. 

It is ideal for the hobbyist, student, technician and en- 
gineer. The information is presented in the form of a basic 
electronic recipe book with numerous examples showing 
how theory can be put into practice using a range of 
commonly available ‘‘industry standard’’ components and 
devices. 

A must for everyone involved in electronics! 


256 pages Order code DATA £8.95 





ELECTRONICS TEACH-IN No. 3- EXPLORING 
ELECTRONICS (published by Everyday Electronics) 
Owen Bishop 
Another EE value for money publication aimed at students 
of electronics. The course is designed to explain the work- 
ings of electronic components and circuits by involving 
the reader in experimenting with them. The book does not 
contain masses of theory or formulae but straightforward 
explanations and circuits to build and experiment with. 
Exploring Electronics contains more than 25 useful 
projects, assumes no previous knowledge of electronics 
and is split into 28 easily digestible sections. nai 
4 


88 pages (A4 size) 





COMPUTERS AND MUSIC - AN INTRODUCTION 
R. A. Penfold 

Computers are playing an increasingly important part in 
the world of music, and the days when computerised 
music was strictly for the fanatical few are long gone. 
Computer-based music systems in the past have tended to 
be either horrendously expensive, very crude, or both! 


These days, prices are much more modest and the poten- 


tial of the equipment is much greater. Consequently a lot of 
musicians are being tempted into the unfamiliar territory of 
computer music systems. 

If you are more used to the black and white keys of a 
synth keyboard than the QWERTY keyboard of a computer, 
you may be understandably confused by the jargon and 
terminology bandied about by computer buffs. But fear 
not, setting up and using a computer-based music making 
system is not as difficult as you might think. 

This book will help you learn the basics of computing, 
running applications programs, wiring up a MIDI sys- 
tem and using the system to good effect, in fact just 
about everything you need to know about hardware and 
the programs, with no previous knowledge of computing 
needed or assumed. This book will help you to choose the 
right components for a system to suit your personal needs, 
and equip you to exploit that system fully. 

174 pages Temporarily out of print 


A CONCISE INTRODUCTION TO MS-DOS 

N. Kantaris 

This guide is written with the non-expert, busy person in 
mind and, as such, it has an underlying structure based on 
“what you need to know first, appears first’’. Nonetheless, 
the guide is also designed to be circular, which means that 
you don't have to start at the beginning and go to the end. 
The more experienced user can start from any section. 

The guide covers versions 3.0, 3.1 and 3.2 of both PC- 
DOS and MS-DOS as implemented by IBM and other 
manufacturers of ‘‘compatible’’ microcomputers, including 
the AMSTRAD PC's. It covers both floppy disc-based 
systems and hard disc- based systems. 

£2.95 


64 pages Order code BP232 





ELECTRONICS TEACH-IN No.4 

INTRODUCING DIGITAL ELECTRONICS (published 

by Everyday Electronics) 

Michael J. Cockcroft 

Although this book is primarily a City & Guilds Introduc- 
tory level course (726/301), approximately 80% of the in- 
formation forms a very basic introduction to electronics in 
general, it therefore provides an excellent introductory text 
for beginners and a course and reference book for GCSE 
students. 

Full details on registering for C&G assessment, details of 
assessment centres, components required and information 
on the course in general are given. 

The City & Guilds introduction to module 726/301 
reads: “‘A candidate who satisfactorily completes this 
module will have a competence to identify basic com- 
ponents and digital integrated circuits and connect them 
together to form simple working circuits and logic units.” 
This provides an excellent introduction to the book. oak 


112 pages (A4 size) 


ELECTRONIC PROJECTS - BOOK 1 

Published by Everyday Electronics in association 
with Magenta Electronics. 

Contains twenty of the best projects from previous issues 
of EE each backed with a kit of components. The projects 
are: Seashell Sea Synthesiser, EE Treasure Hunter, Mini 
Strobe, Digital Capacitance Meter, Three Channel Sound 
to Light, BBC 16K Sideways Ram, Simple Short Wave 
Radio, Insulation Tester, Stepper Motor interface, Eprom 
Eraser, 200MHz Digital Frequency Meter, Infra Red Alarm, 
EE Equaliser loniser, Bat Detector, Acoustic Probe, Mains 
Tester and Fuse Finder, Light Rider — (Lapel Badge, Disco 
Lights, Chaser Light), Musical Doorbell, Function Gener- 
ator, Tilt Alarm, 10W Audio Amplifier, EE Buccaneer In- 
duction Balance Metal Detector, BBC Midi Interface, Vari- 
able Bench Power Supply, Pet Scarer, Audio Signal Gen- 


erator. 
128 pages (A4 size) £2.45 


‘Special Everyday Electronics Books 


BURR 
BECTROMES 


HOW TO CHOOSE A SMALL BUSINESS 
COMPUTER SYSTEM 
D. Weale 
This book is for anyone intending to buy an IBM com- 
patible computer system, whether it is their first system or 
a replacement. There are sections on hardware, applica- 
tion and systems programs and how to actually make your 
choice as well as sections on the law, ergonomics and a 
glossary of common terms. 

The text contains many useful tips and some warnings 
(which could save much effort and expense). 


114 pages £4.95 
AN INTRODUCTION TO 68000 ASSEMBLY 
LANGUAGE , 


R.A. & J. W. Penfold 

Obtain a vast increase in running speed by writing pro- 

grams for 6800 based micros such as the Commodore 

Amiga, Atari ST range or Apple Macintosh range etc., in 

assembly language. It is not as difficult as one might think 

and this book covers the fundamentals. as 
.95 


112 pages Order code BP184 


THE ART OF PROGRAMMING THE ZX SPECTRUM 
M. James, B.Sc., M.B.C.S. 

It is one thing to have learnt how to use all the Spectrum's 
commands and functions, but a very different one to be 
able to combine them into programs that do exactly what 
you want them to. This is just what this book is all about — 
teaching you the art of effective programming with your 


Spectrum. 
£2.50 


144 pages Order code BP119 


A Z80 WORKSHOP MANUAL 

E. A. Parr, B.Sc., DC.Eng., M.1.E.E. 

This book is intended for people who wish to progress 
beyond the stage of BASIC programming to topics such 
as machine code and assembly language programming, or 
need hardware details of a Z80 based computer. ane 


192 pages Order code BP112 
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ELECTRONICS TEACH-IN No.5 GUIDE 
TO BUILDING ELECTRONIC PROJECTS 
Published by EVERYDAY ELECTRONICS 
Due to the demand from students, teachers and hobbyists 
we have put together a range of articles from past issues of 
Everyday Electronics that will assist those involved with 
the construction of electronic projects. 
The book contains the complete Project Development 
for GCSE series. 
Contents: Features — First Steps in Project Building; 
Building with Vero; Project Development for GCSE; Get- 
ting your Project Working; Guide to Printed Circuit Boards; 
Choosing and Using Test Equipment — The Multimeter, 
The Oscilloscope, P.S.U.s, Logic Probes, Digital Fre- 
quency Meters, Signal Generators, etc; Data — Circuit 
Symbols; Component Codes; Resistors; Identifying Com- 
ponents; Capacitors; Actually Doing It - Understanding 
the Circuit Diagram, Component Codes, Mounting circuit 
boards and controls, Understanding Capacitors; Projects 
— Lie Detector; Personal Stereo Amplifier; Digital Ex- 
perimentsr’s Unit; Quizmaster; Siren Effects Unit; UV 
Exposure Unit; Low-cost Capacitance Meter; Personal 


Radio. 
88 pages (A4 size) £2.95 


ELECTRONICS TEACH-IN 88/89 - 
INTRODUCING MICROPROCESSORS 
Mike Tooley BA (published by Everyday 
Electronics) 

A complete course that can lead successful readers to the 
award of a City and Guilds Certificate in Introductory 
Microprocessors (726/303). The book contains every- 
thing you need to know including full details on register- 
ing for assessment, etc. Starting with basic terminology, 
integrated circuits, logic families and numbering systems 
the text builds in stages, with revision and assessments 
built in, up to programming, languages, flow charts, etc. 
The course is ideal for the newcomer to the subject. 

80 pages (A4 size) Order code TI-88 89 











NEWNES COMPUTER ENGINEER’S POCKETBOOK 
(Second Edition) 
Michael Tooley . 
An invaluable compendium of facts, figures, circuits and 
data, indispensable to the designer, student, service en- 
gineer and all those interested in computer and microcom- 
puter systems. It will appeal equally to the hardware or 
software specialist and to the new band of ‘‘software en- 
gineers’’. This data is presented in a succinct and rapidly 
accessible form so that the book can become part of an 
everyday toolkit. 

£12.95 


205 pages (hard cover) Order code NEO1 





UNDERSTANDING PC SPECIFICATIONS 

R. A. Penfold 

If you require a microcomputer for business applications, 
or a high quality home computer, an IBM PC or compatible 
is often the obvious choice. They are competitively priced, 
and are backed up by an enormous range of applications 
programs, hardware add-ons, etc. The main difficulty for 
the uninitiated is deciding on the specification that will 
best suit his or her needs. PCs range from simple systems 
of limited capabilities up to complex systems that can 
happily run applications that would have been considered 
beyond the abilities of a microcomputer not so long ago. It 
would be very easy to choose a PC system that is inade- 
quate to run your applications efficiently, or one which 
goes beyond your needs and consequently represents poor 
value for money. 

This book explains PC specifications in detail, and the 
subjects covered include the following: Differences 
between types of PC (XT, AT, 80386, etc); Maths 
co-processors; Input devices (keyboards, micé, and 
digitisers); Memory, including both expanded (EMS) and 
extended RAM: RAM disks and disk caches; Floppy disk 
drive formats and compatibility; Hard disk drives (includ- 
ing interleave factors and access times); Display adaptors, 
including all standard PC types (CGA, Hercules, Super 
VGA, etc); Contains everything you need to know if you 
can't tell your EMS from your EGA! 

104 pages Order code BP282 £3.95 
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ELECTRONIC PROJECTS FOR GUITARS 

R.A. Penfold 

This book contains a collection of guitar effects and some 
general purpose effects units, many of which are suitable for 
beginners to project building. An introductory chapter gives 
guidance on construction. 

Each project has an introduction, an explanation of how 
it works, a circuit diagram, complete instructions on strip- 
board layout and assembly, as well as notes on setting up 
and using the units. Contents include: Guitar tuner; Guitar 
preamplifier; Guitar headphone amplifier; Soft distortion unit; 
Compressor; Envelope waa waa; Phaser; Dual tracking ef- 
fects unit; Noise gate/expander; Treble booster; Dynamic 
treble booster; Envelope modifier; Tremelo unit; DI box. 

£8.95 


110 pages Order code PC110 


HIGH POWER AUDIO AMPLIFIER CONSTRUCTION 
R.A. penfold 

Practical constructional details of how to build a number of 
audio power amplifiers ranging from about 50 to 300/400 
watts r.m.s. Includes MOSFET and bipolar transistor designs. 


96 pages £3.95 


PRACTICAL MIDI HANDBOOK 

R. A. Penfold 

The Musical Instrument Digital Interface (MIDI) is sur- 
rounded by a great deal of misunderstanding, and many of 
the user manuals that accompany MIDI equipment are quite 
incomprehensible to the reader. 

The Practical MIDI Handbook is aimed primarily at 
musicians, enthusiasts and technicians who want to exploit 
the vast capabilities of MIDI, but who have no previous 
knowledge of electronics or computing. The majority of the 
book is devoted to an explanation of what MIDI can do and 
how to exploit it to the full, with practical advice on 
connecting up a MIDI system and getting it to work, as well 
as deciphering the technical information in those manuals. 
128 pages Order code PC101 £6.95 





PREAMPLIFIER AND FILTER CIRCUITS 

R.A. Penfold 

This book provides circuits and background information for a 
range of preamplifiers, plus tone controls, filters, mixers, etc. 
The use of modern low noise operational amplifiers and a 
specialist high performance audio preamplifier i.c. results in 
Circuits that have excellent performance, but which are still 


quite simple. All the circuits featured can be built at quite low 


cost (just a few pounds in most cases). 

The preamplifier circuits featured include:— Microphone 
preamplifiers (low impendance, high impedance, and crys- 
tal). Magnetic cartridge pick-up preamplifiers with R.LAA 
equalisation. Crystal/ceramic pick-up preamplifier. Guitar 
pick-up preamplifier. Tape head preamplifier (for use with 
compact cassette systems). 

Other circuits include:— Audio limiter to prevent overload- 
ing of power amplifiers. Passive tone controls. Active tone 
controls. PA filters (highpass and lowpass). Scratch and 
rumble filters. Loudness filter. Audio mixers. Volume and 
balance controls 

£3.95 


92 pages Order code BP309 








ELECTRONIC HOBBYISTS HANDBOOK 

R.A. Penfold 

Provides an inexpensive single source of easily lo- 
cated information that the amateur electronics en- 
thusiast is likely to need for the day-to-day pursuance of 
this fascinating hobby. Covers common component 
colour codes. Details the characteristics and pinouts of 
many popular seimiconductor devices, including various 
types of logic ICs, operational amplifiers, transistors, 
FETs, unijunctions, diodes, rectifiers, SCRs, diacs, tri- 
acs, regulators and SMDs, etc. Illustrates many useful 
types of circuits, such as timers and oscillators, audio 
amplifiers and filters, as well as including a separate 
section on power supplies. Also contains a multitude of 
other useful data. | 

88 pages £4.95 





Order code BP233 


NEWNES ELE FRONICS POCKET BOOK 
E. A. Parr 

Newnes Electronics Pocket Book has been in print for 
over twenty years and has covered the development of 
electronics from valve to semiconductor technology and 


from transistors to LSI integrated circuits and micro- 


processors. To keep up to date with the rapidly chang- 
ing world of electronics, continuous revision has been 
necessary. This new Fifth Edition takes account of recent 
changes and includes material suggested by readers of 
previous editions. New descriptions of op.amp. applica- 
tions and the design of digital circuits have been added, 
along with a totally new chapter on computing, plus 
other revisions throughout. 

315 pages (hard cover) £10.95 


ELECTRONIC MODULES AND SYSTEMS FOR 
BEGINNERS 

Owen Bishop 

This book describes over 60 modular electronic circuits — 
how they work, how to build them, and how to use them. 
The modules may be wired together to make hundreds of 
different electronic systems, both analogue and digital. To 
show the reader how to begin building systems from mod- 
ules, a selection of over 25 electronic systems are des- 
cribed in detail, covering such widely differing applica- 
tions as timing, home security, measurement, audio (in- 
cluding a simple radio receiver), games and remote con- 


trol. 
Order code BP266 £3.95 


‘Olaelcimorelelom)\) 102 





200 pages 
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Theory and Reference 


MUSICAL APPLICATIONS OF THE ATARI ST's 

R.A. Penfold 

The Atari ST’s are now firmly established as the com- 
puters to use for electronic music applications. The 
range and sophistication of these applications are much 
greater than most people may realise, but there are still a 
lot of misconceptions about just what can and cannot be 
achieved. This book will help you sort out the fact from 
the fallacy and to get the most musically from the ST's. 

A wide selection of topics are covered, including the 
internal sound chip; MIDI; applications programs such 
as sequencing and score writing, etc; simple but useful 
add-on projects and MIDI programming. 

£5.95 


90 pages Order code BP246 


AN INTRODUCTION TO LOUDSPEAKERS AND 
ENCLOSURE DESIGN 
V. Capel 
This book explores the various features, good points and 
snags of speaker designs. It examines the whys and 
wherefores so that the reader can understand the 
principles involved and so make an informed choice of 
design, or even design loudspeaker enclosures for him or 
herself. Crossover units are also explained, the various 
types, how they work, the distortions they produce and 
how to avoid them. Finally there is a step-by-step 
description of the construction of the Kapel/lmeister 
loudspeaker enclosure. 

£2.95 


148 pages Olaelcimerelelem si asl. 


ACOUSTIC FEEDBACK - HOW 
TO AVOID IT . 

Feedback is the bane of all public address systems. 
While feedback cannot be completely eliminated, many 
things can be done to reduce it to a level at which it is no 
longer a problem. 

Much of the trouble is often the hall itself, not 
the equipment, but there is a simple and practical 
way of greatly improving acoustics. Some microphones 
are prone to feedback while others are not. Certain 
loudspeaker systems are much better than others, and 
the way the units are positioned can produce or reduce 
feedback. All these matters are fully explored as well as 
electronic aids such as equalizers, frequency-shifters 
and notch filters. 

The special requirements of live group concerts are 
considered, and also the related problem of instability 
that is sometimes encountered with large set-ups. We 
even take a look at some unsuccessful attempts to cure 
feedback so as to save readers wasted time and effort 
duplicating them. 

Also included is the circuit and layout of an inexpen- 
sive but highly successful twin-notch filter, and how to 


operate it. 
Order code BP310 £3.95 


92 pages 


COMPUTERS AND MUSIC. 


See Computers section 








FROM ATOMS TO AMPERES 

F. A. Wilson 

Explains in crystal clear terms the absolute fundamentals 
behind electricity and electronics. Really helps you to dis- 
cover and understand the subject, perhaps for the first time 
ever. 

Have you ever: Wondered about the true link between 
electricity and magnetism? Felt you could never under- 
stand the work of Einstein, Newton, Boltzmann, Planck 
and other early scientists? Just accepted that an electron is 
like a little black ball? Got mixed up with e.m.f. and p.d.? 
Thought the idea of holes in semiconductors is a bit much? 

Then help is at hand with this inexpensive book, in as 
simple a way as possible and without too much complex 
mathematics and formulae. 

£3.50 


244 pages Order code BP254 


PRACTICAL DIGITAL ELECTRONICS HANDBOOK 
Mike Tooley (Published in association with 
Everyday Electronics) 

The vast majority of modern electronic systems rely heavily 
on the application of digital electronics, and the Practical 
Digital Electronics Handbook aims to provide readers with a 
practically based introduction to this subject. The book 
will prove invaluable to anyone involved with the design, 
manufacture or servicing of digital circuitry, as well as to 
those wishing to update their knowledge of modern digi- 
tal devices and techniques. Contents: Introduction to in- 
tegrated circuits; basic logic gates; monostable and bistable 
devices; timers; microprocessors; memories; input and out- 
put devices; interfaces; microprocessor buses. Appendix 1: 
Data. Appendix 2: Digital test gear projects; tools and text 
equipment; regulated bench power supply; logic pulser; 
verstaile pulse generator; digital IC tester; current tracer; 
audio logic tracer; RS-232C breakout box; versatile digital 
counter/frequency meter. Appendix 3: The oscilloscope. 
Appendix 4: Suggested reading. Appendix 5: Further study. 


208 pages £6.95 


ELECTRONICS - A “MADE SIMPLE” BOOK 

G. H. Olsen 

This book provides excellent background reading for our 
Introducing Digital Electronics Teach-In Book and will be 
of interest to everyone studying electronics. The subject 
is simply explained and well illustrated and the book as- 
sumes only a very basic knowledge of electricity. 

330 pages Order code NE10 £4.95 





Project Building 


HOW TO GET YOUR ELECTRONIC PROJECTS 
WORKING 

R.A. Penfold 

We have all built projects only to find that they did not 
work correctly, or at all, when first switched on. The aim 
of this book is to help the reader overcome just these 
problems by indicating how and where to start looking for 
many of the common faults that can occur when building 
up projects. 
96 pages 


HOW TO DESIGN AND MAKE YOUR OWN P.C.B.s 
R.A. Penfold 

Deals with the simple methods of copying printed cir- 
cuit board designs from magazines and books and covers 
all aspects of simple p.c.b. construction including photo- 
graphic methods and designing your own p.c.b.s. ar 


80 pages Order code BP121 





Temporarily out of print 


How to Get Your 


Electronic Projects 
Working 


R.A. PEMFOLD 





A BEGINNERS GUIDE TO MODERN ELECTRONIC 
COMPONENTS 

R. A. Penfold 

The purpose of this book is to provide practical information 
to help the reader sort out the bewildering array of com- 
ponents currently on offer. An advanced knowledge of the 
theory of electronics is not needed, and this book is not 
intended to be a course in electronic theory. The main aim 
is to explain the differences between components of the 
same basic type (e.g. carbon, carbon film, metal film, and 
wire-wound resistors) so that the right component for a 
given application can be selected. A wide range of com- 
ponents are included, with the emphasis firmly on those 
components that are used a great deal in projects for the 


home constructor. 
Oldelsimerelel-m st avasts: £3.95 


166 pages 

BEGINNER’S GUIDE TO BUILDING ELECTRONIC 
PROJECTS 

R.A. Penfold 

Shows the complete beginner how to tackle the practi- 
cal side of electronics, so that he or she can confidently 
build the electronic projects that are regularly featured in 
magazines and books. Also include examples in the form 
of simple projects. 

112 pages (O)del-tareiele|-weea, £1.95 
ELECTRONIC SCIENCE PROJECTS 
O. Bishop 

These projects range in complexity from a simple colour 
temperature meter to an infra-red laser. There are novelties 
such as an electronic clock regulated by a resonating 
spring, and an oscilloscope with solid-state display. There 
are scientific measuring instruments such as a pH meter 
and an electro-cardiometer. All projects have a strong 
scientific flavour. The way they work, and how to build 
and use them are fully explained. 

144 pages Temporarily out of print 


ELECTRONICS SIMPLIFIED - CRYSTAL SET 
CONSTRUCTION 

F. A. Wilson, C.G.1A., C.Eng., F.1.E.E., F.LE.R.E., F.B.1.M. 
Especially written for those who wish to participate in 
the intricacies of electronics more through practical con- 
struction than by theoretical study. It is designed for all 
ages upwards from the day one can read intelligently and 


handle simple tools. 
(Olael-imotelelom tees. £1.75 


80 pages 

GUIDE TO BUILDING ELECTRONIC PROJECTS 
Published by Everyday Electronics 

See the first page of books - ELECTRONICS TEACH-IN 
No.5 — for full details. 


ELECTRONICS PROJECT BOOK 

Published by Everyday Electronics in association 
with Magenta Electronics. 

See the first page of books for full details. 





Testing and 


Test Gear 


HOW TO USE OSCILLOSCOPES AND OTHER 

TEST EQUIPMENT 

R.A. Penfold 

This book explains the basic function of an oscilloscope, 
gives a detailed explanation of all the standard controls, 
and provides advice on buying. A separate chapter deals 
with using an oscilloscope for fault finding on linear 
and logic circuits. plenty of example waveforms help to 
illustrate the control functions and the effects of various 
fault conditions. The function and use of various other 
pieces of test equipment are also covered, including 
signal generators, logic probes, logic pulsers, and crystal 


calibrators. 
104 pages (Olaelcimeielalen si avalon, £3.50 
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PRACTICAL ELECTRONIC 

BUILDING BLOCKS - BOOK 2 
R.A. Penfold 
This books is designed to aid electronic enthusiasts who 
like to experiment with circuits and produce their own 
projects, rather than simply following published project 
designs. 

Contains: Amplifiers — low level discrete and op-amp cir- 
cuits, voltage and buffer amplifiers including d.c. types. 
Also low-noise audio and voltage controller amplifiers. Fil- 
ters — high-pass, low-pass, 6, 12, and 24dB per octave 
types. Miscellaneous — i.c. power amplifiers, mixers, volt- 
age and current regulators, etc. 


112 pages Order code BP118 £1.95 





PRACTICAL ELECTRONIC FILTERS 

Owen Bishop 

Filters play a vital part in almost all electronic circuits, 
yet many people believe that they are difficult to under- 
stand. This is probably because so many of the books on 
this topic are extremely mathematical. By contrast, this 
book deals with the subject in a non-mathematical way. It 
reviews the main types of filter, explaining in simple terms 
how each type works and how it is used. 

The book also presents a dozen filter-based projects with 
applications in and around the home or in the constructor’s 
workshop. These include a number of audio projects such 
as a rythm sequencer and a multi-voiced electronic organ. 
Project descriptions include circuit diagrams, explanations 
of their operation, and detailed instructions for building 
them. A number of the projects are suitable to the beginner 
while others will be of interest to the more advanced con- 
structor. . 

Concluding the book is a practical step-by-step guide to 
designing simple filters for a wide range of purposes, with 
Circuit diagrams and worked examples. 


192 pages £4.95 


ELECTRONIC ALARM CIRCUITS MANUAL 

R. M. Marston 

One hundred and forty useful alarm circuits, of a variety of 

types, are shown in this volume. The operating principle of 

each one is explained in concise but comprehensive terms, 

and brief construction notes are given where necessary. 
Aimed at the practical design engineer, technician and 

experimenter, as well as the electronics student and 


amateur. 
Order code NE11 £12.95 


124 pages 





PROJECTS FOR RADIO AMATEURS 

AND S.W.L.S. 

R. A. Penfold 

This book describes a number of electronic circuits, most 
of which are quite simple, which can be used to enhance 
the performance of most short wave radio systems. 

The circuits covered include:— An aerial tuning unit; A 
simple active aerial; An add-on b.f.o. for portable sets; A 
wavetrap for combat signals on spurious responses; An 
audio notch filter; A parametric equaliser; C.W and S.S.B. 
audio filters; Simple noise limiters; A speech processor; A 
volume expander. 

Other useful circuits include a crystal oscillator, and 
. RTTY/C.W. tone decoder, and a RTTY serial to parallel 
converter. A full range of interesting and usefull circuits for 
short wave enthusiasts. 


Order code BP304 £3.95 


AN INTRODUCTION TO AMATEUR RADIO 

1. D. Poole 

Amateur radio is a unique and fascinating hobby which 
has attracted thousands of people since it began at the turn 
of the century. 

This book gives the newcomer a comprehensive and 
easy to understand guide through the subject so that the 
reader can gain the most from the hobby. It then remains 
an essential reference volume to be used time and again. 
Topics covered include the basic aspects of the hobby, 
such as operating procedures, jargon and setting up a 
station. Technical topics covered include propagation, 
receivers, transmitters and aerials etc. 


150 pages £3.50 


SIMPLE SHORT WAVE RECEIVER CONSTRUCTION 
R.A. Penfold 

Short wave radio is a fascinating hobby, but one that 
seems to be regarded by many as an expensive pastime 
these days. In fact it is possible to pursue this hobby for a 
minimal monetary outlay if you are prepared to undertake a 
bit of d.i.y., and the receivers described in this book can all 
be built at low cost. All the sets are easy to construct, full 
wiring diagrams etc. are provided, and they are suitable 
for complete beginners. The receivers only require simple 
aerials, and do not need any complex alignment or other 
difficult setting up procedures. 

The topics covered in this book include: The broad- 
cast bands and their characteristics; The amateur bands 
and their characteristics; The propagation of radio signals; 
Simple aerials; Making an earth connection; Short wave 
crystal set; Simple t.r.f. receivers; Single sideband recep- 
tion; Direct conversion receiver. 

Contains everything you need to know in order to get 
started in this absorbing hobby. 

88 pages Order code BP275 £3.95 


92 pages 





AN INTRODUCTION TO SATELLITE TELEVISION 

F. A. Wilson 

As a definitive introduction to the subject this book is 
presented on two levels. For the absolute beginner or 
anyone thinking about purchasing or hiring a satellite TV 
system, the story is told as simply as such a complex one 
can be in the main text. 


Radio, TV, Satellite 


Circuits and Design 


DIGITAL LOGIC GATES AND FLIP-FLOPS 

lan R. Sinclair 

This book, intended for enthusiasts, students and tech- 
nicians, seeks to establish a firm foundation in digital 
electronics by treating the topics of gates and flip-flops 
thoroughly and from the beginning. This is not a construc- 
tor's book in the sense of presenting circuits to build and 
use, it is for the user who wants to design and troubleshoot 
digital circuitry with considerably more understanding of 
principles. 

Topics such as Boolean algebra and Karnaugh mapping 
are explained, demonstrated and used extensively, and 
more attention is paid to the subject of synchronous 
counters than to the simple but less important ripple 
counters. 

No background other than a basic knowledge of elec- 
tronics is assumed, and the more theoretical topics are 
explained from the beginning, as also are many working 
practices. The book concludes with an explanation of 
microprocessor techniques as applied to digital logic. 





200 pages m Order code PC106 
ELECTRONIC CIRCUITS FOR THE COMPUTER 
CONTROL OF ROBOTS 

Robert Penfold 


Robots and robotics offer one of the most interesting areas 
for the electronics hobbyist to experiment in. Today the 
mechanical side of robots is not too difficult, as there 
are robotics kit and a wide range of mechanical com- 
ponents available. The micro controller is not too much of 
a problem either, since the software need not be terribly 
complex and many inexpensive home computers are well 
suited to the task. 

The main stumbling block for most would-be robot 
builders is the electronics to interface the computer to the 
motors, and the sensors which provide feedback from the 
robot to the computer. The purpose of this book is to 
explain and provide some relatively simple electronic 
circuits which bridge this gap. 


92 pages Order code BP179 £2.95 


ELECTRONIC POWER SUPPLY HANDBOOK 
lan R. Sinclair 
This book covers the often neglected topic of electronic 
power supplies. All types of supplies that are used for elec- 
tronics purposes are covered in detail, starting with cells and 
batteries and extending by way of rectified supplies and 
linear stabilisers to modern switch-mode systems, IC switch- 
mode regulators, DC-DC converters and inverters. 

The devices, their operating principles and typical cir- 


For the professional engineer, electronics enthusiast, 
student or others with technical backgrounds, there are 
numerous appendices backing up the main text with 
additional technical and scientific detail formulae, calcula- 
tions, tables etc. There is also plenty for the DIY enthusiast 
with practical advice on choosing and installing the most 
problematic part of the system — the dish antenna. 


104 pages Order code BP195 £5.95 


AN INTRODUCTION TO AMATEUR 
COMMUNICATIONS SATELLITES 

A. Pickford 

Communications and broadcast satellites are normally 
inaccessible to individuals unless they are actively in- 
volved in their technicalities by working for organisations 
such as British Telecom, the various space agencies or 
military bodies. even those who possess a satellite televi- 
sion receiver system do not participate in the technical 
aspects of these highly technological systems. 

There are a large number of amateur communications 
satellites in orbit around the world, traversing the globe 
continuously and they can be tracked and their sig- 
nals received with relatively inexpensive equipment. This 
equipment can be connected to a home computer such as 
the BBC Micro or |BM compatible PCs, for the decoding of 
received signals. 

This book describes several currently available systems, 
their connection to an appropriate computer and how they 
can be operated with suitable software. 


102 pages £3.95 
AERIAL PROJECTS 
R.A. Penfold 


The subject of aerials is vast but in this book the author 
has considered practical aerial designs, including active, 
loop and ferrite aerials which give good performances and 
are relatively simple and inexpensive to build. The com- 
plex theory and mathematics of aerial design have been 
avoided. 

Also included are constructional details of a number of 
aerial accessories including a pre-selector, attenuator, fil- 


ters and tuning unit. 
(Ole l=tmololel=m = 1 om h0)s) £2.50 


96 pages 
INTERNATIONAL RADIO STATIONS GUIDE 
P. Shore 
Provides the casual listener, amateur radio DXer and the 
professional radio monitor with an essential reference 
work designed to guide him or her around the ever more 
complex radio bands. This new edition has been com- 
pletely revised and rewritten and incorporates much more 
information which is divided into the following sections: 
Listening to Short Wave Radio; Choosing a Short 
Wave Radio Receiver; How to Use the IRSG; Abbrevia- 
tions; Country Codes; Worldwide Short Wave Radio Sta- 
tions; European, Middle Eastern and African Long Wave 
Radio Stations; European, Near and Middle Eastern and 
African Medium Wave Radio Stations; Canadian Medium 
Wave Radio Stations; USA Medium Wave Radio Stations; 
Broadcasts in English; Programmes for DXers and Short 
Wave Listeners; UK FM Radio Stations; Time Differences 
From GMT; Wavelength/Frequency Conversion. 


226 pages £5.95 
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cuits are all dealt with in detail. The action of rectifiers 
and the reservoir capacitor is emphasised, and the subject 
of stabilisation is covered. The book includes some useful 
formulae for assessing the likely hum level of a conven- 
tional rectifier reservoir supply. 


136 pages Order code PC108 £7.95 


HOW TO USE OP-AMPS 

E.A. Parr 

This book has been written as a designer's guide covering 
many operational amplifiers, serving both as a source book 
of circuits and a reference book for design calculations. 
The approach has been made as non-mathematical as pos- 
sible. 

160 pages £2.95 
MICRO INTERFACING CIRCUITS - BOOK 1 

MICRO INTERFACING CIRCUITS - BOOK 2 

R. A. Penfold 

Both books include practical circuits together with details 
of the circuit operation and useful background informa- 
tion. Any special constructional points are covered. but 
p.c.b. layouts and other detailed constructional informa- 
tion are not included. 

Book 1 is mainly concerned with getting signals in and 
out of the computer; Book 2 deals primarily with circuits 
for practical applications. 

BOOK 1 172 pages Order code BP130 £2.75 
BOOK 2 112 pages Order code BP131 £2.75 


PRACTICAL ELECTRONIC DESIGN DATA 

Owen Bishop 

It's all here! This book is a comprehensive ready-reference 
manual for electronics enthusiasts of all levels, be they 
hobbyists, students or professionals. 

A helpful major section covers the main kinds of com- 
ponents, including surface-mount devices. For each sort, it 
lists the most useful and readily available types complete 
with details of their electronic characteristics, pin-outs and 
other essential information. A special feature of this sect- 
tion are the easily followed charts and tables which advise 
the reader on how to select the best type of components 
for any particular purpose. 

Basic electronic units are defined, backed up by a com- 
pendium of the most often required formulae. 

There are five more extensive sections devoted to Cir- 
cuit design, covering analogue, digital, radio, display, and 
power supply circuits. Over 150 practical circuit diagrams 
cover a broad range of functions. The reader is shown how 
to adapt these basic designs to a variety of een = 





328 pages 
50 SIMPLE LED CIRCUITS 
R.N. Soar 


Contains 50 interesting and useful circuits and applica- 
tions, covering many different branches of electronics, 
using one of the most inexpensive and freely available 
components — the light-emitting diode (LED). Also in- 
cludes circuits for the 707 common anode display. 

64 pages Order code BP42 £1.95 


BOOK 2 50 more l.e.d. circuits OWeieetereemsia-e, £1.95 


DIRECT 
BOOK 
SERVICE 


ORDERING DETAILS 


Please state the title and order code 
clearly, print your name and address and 
add the required postage to the total 
order. 

Add 75p to your total order for 
postage and packing (overseas readers 
add £1.50 for countries in Europe, or 
add £2.50 for all countries outside 
Europe, surface mail postage) and send 
a PO, cheque, international money 
order, (£ sterling only) made payable to 
Direct Book Service or credit card 
details (including the card expiry date), 
Visa or Mastercard (Access) — minimum 
credit card order is £5 — quoting your 
name and address, the order code and 
quantities required to DIRECT BOOK 
SERVICE, 33 GRAVEL HILL, WIM- 
BORNE, DORSET BH21 1RW (mail 
order only). . 

Although books are normally sent 
within seven days of receipt of your order, 
please allow a maximum of 28 days for 
delivery. Overseas readers allow extra 
time for surface mail post. | 

Please check price and availability (see 
latest issue of Everyday with Practical Elec- 
tronics) before ordering from old lists. 

Note — our postage charge is the 
same for one book or one hundred 
books! 


MORE BOOKS NEXT MONTH 


Direct Book Service is a division of 
Wimborne Publishing Ltd 
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WE HAVE THE WIDEST CHOICE OF USED 


OSCILLOSCOPES IN THE COUNTRY with GPIB/IEEE-488 
7603 with 7A26 & 7B53A Dual Trace 100MHz THURLBY PL320T-GP Bench PSU 0-30V 2 amp twice 


Delay Sweep with Cursors with GPIB 
7403N with Ag & 7B50 Dual Trace 60MHz 
7504 with 7A12 & 7B52 Dual Trace 90MHz Delay Sweep, 
7503 with 7A12 & 7B50 Dual Trace 9OMHz 
7A13 Differential Comparator Amplifier DC-10S5MHz 
Other fre -in options are available i.e. 4 Trace etc. 
IWATSU SS5711 Four Channel 100MHz Delay Sweep 


TEKTRONIX 2336 Dual Trace 100MHz Delay Sweep RACAL/DANA 9341, Automat measurements OF CR. 5 


Ruggerised £1000 
HITACHI V105OF Dual Trace 100MHz Dual TB with 4 Chn. Mode... ce... £480 WAYNE KERR B424 RCL Meter. LCD Display 


WAYNE KERR 4210 LCR Meter. Accuracy 0.1% £600 
LAL pte ae beg eh wl AVO ACIDC Breakdwon Leakage & lonsation Tester RM21SL/2...€600 


TEKTRONIX 2215A Dual Trace 60MHz Delay Sweep... 
TEXTRONIX 2243 Dual Trace 60 MHz MARCONI DIGITAL FREQUENCY METERS 
Type 2430 10Hz-80MH2 £125 


£350 
TEKTRONIX 2225 Dual Trace SOMHz Alternate TB ersalenicha £500 
£00 Type 2431 10H2-200MHz 


PHILIPS PM3217 Dual Trace SOMHz Delay S 
MARCONI UNIVERSAL COUNTER TERS 

Type 2437 DC-100MHz 

Type 2438 DC-520MHz 


FARNELL PSU. TVS70MK2, 70V 5A/30V 10A 
FARNELL PSU H60/25 0-60V; 0-25 amps Metered..... 


PHILIPS PM2525 Multi-Function DMM 4.5-5.5 digit 


amp 
M2355: 32 ranges AC/DC 10 amps Diode/Transistor 
Tester, Freq Counter etc Only £32: 


TRIO CS1720 halide 20MHz Dual Trace 
Hitachi V209 Dual Trace 20MHz Portable (AC-DC Operation) 
HAMEG 205.3 Dual Trace 20MHz Digital Storage with 2 probes 


THIS IS JUST A SAMPLE — MANY OTHERS AVAILABLE feguacinte ied a amps Metered 
urve Tracer 
ee eee | [IMENT RSE ae SE on 
utO er i 
iin tla RACAL 9915 Freq. Counter 10Hz-520MHz (Crystal Oven)............ 
MARCONI 2440 20GHz Microwave Counter AVO VALVE Characteristic Meter VCM 163 
MARCONI 2610 True RMS Voltmeter 


FARNELL SSG1000 4 Gen 10MHz-1GHz Synthesised 
FARNELL Syn 
MARCONI 1201 5 AM/FM 10-520MHY Sig Gen with TF2171 
MARCONI TF 2015 without Synchroniser TF2174 

MARCONI TF 2016 AM/FM 4 0kH2-120MHz with 1F2173. 
MARCONI TF2016 without Synchroniser TF2173 
MARCONI SANDERS Sig Sources. Various models. en 


400MHZ - 8.5GHz 
KEITHLEY 224 Programmable Current Source 
FERROGRAPH RTS2 Recorder Test Set. 


Model 8 or 9 (whatevers available) 
Test Set No.1; 8X, 9SX. 
8 Mk5 with Carrying Case 
8 Mk6 with Carrying Cast 
ALL METERS SUPPLIED WITH BATTERIES AND LEADS 


NEW EQUIPMENT 


HAMEG recive ec HM1005 Triple Trace 100MHz 


HP. Pulse Generator type ; Delay Ti 
HAMEG OSCILLOSCOPE lihi6Od Dual Trace 6bWdlz Delay Sweep 
RACAL/DANA 199" Nanosecond Universal Count Ba] | "AME OSCLLOSCOPE H205-7 ua race 20m 


FARNELL SSG520 Synthesized Sig. Gen. 10-520MHZ.. Component T 
FARNELL TTS520 Transmitter Test Set consisting of RF/AF HAMEG AECL OSCOPE HM205-3 Dual Trace 20MHz 
Digital Storage 


counter; RF Mod Meter; RF Power Meter; AF Voltmeter; 
All other models available — all oscilloscopes supplied with 2 probes 


AF Distortion Meter; AF Synthesizer...... 
BLACK STAR EQUIPMENT (P&P all units £5) 


SOLD as a Pair for ONLY 
SPECTRUM ANALYSERS APOLLO 10-100MHz Counter Timer Ratio/Period/Time interval oe 

etc 
APOLLO 100-100MHz (as above with more functions)... 


TEKTRONIX 494AP 40KHz-21GHz (325GH2 with 
METEOR 100 FREQUENCY COUNTER 100MHz 


METEOR 600 FREQUENCY COUNTER 600MHz 
METEOR 1000 FREQUENCY COUNTER 1Gtz.... 
JUPITOR 500 FUNCTION GEN. 0.1H2-500kHz Sine/Sq/TTi.... 
ORION COLOUR BAR GENERATOR Pal/TV/Video. 

All other Black Star equipment available 


OSCILLOSCOPE PROBES Switched X1 X10 (P&P £3) 


HP 141T 8555A & IF Plug. in 10MHz- 

HP 141T with 85548 & 85528 SOOkHz-1250MHz 
HP 140T with 85541 & 8552A SOOkH2-1250MHZz. 
HP 141T with 8556A & 8552B 20H2-300kHz.... 
HP140T with 85531 plus 8552A. 1KH2-110MHZ. 
MARCONI TF2370. 30Hz 10MHZ 


Used Equipment — guaranteed. Manuals supplied if possibie. 
This is a VERY SMALL SAMPLE OF STOCK. SAE or telephone for lists. Please check availability before 
ordering. CARRIAGE all units £16. VAT to be added to total of goods and carriage. 


STEWART OF READING SS 
110 WYKEHAM ROAD, READING, BERKS RG6 1PL 
Fax: 0734 351696 Callers welcome 9am to 5.30pm MON-FRI (UNTIL 8pm THURS) 


Tel: 0734 268041 
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Akula Systems 


49 Lisson Grove, Mutley, Plymouth, PL4 7DL 
TEL: +44 (0)752 227804 








Proprieter: M.Schmalenbach 
° That's right! Only £19.95 inclusive 
f ] 9 9 5 ] for small circuit simulation software. 
: é nC Why such a low price? You may 
well ask. The answer is simple - 
applying the ethos behind the RISC microprocessor revolution allows for a fully 
featured simulator - but no exotic and little-used features that cost an arm and a leg. 
Research has shown that most of the time, only a small subset of simulator features are 
used. So what do you get for your money? 
What can you do with it? Well, you get the 
following: 
e Graphical User Front End (C_SIM). 
e CASPa small analogue circuit simulator. 
¢ PLOT results plotter. 
¢ Documentation on disk (ASCII). 
e Example circuit files. 
e¢ Use your own favourite editor. 
¢ Printed & bound documentation £10 extra (£12 separate). 
Some examples of what can you do with the C_SIM environment: 
¢ Time Domain Analysis - e.g. transient responses 
° Frequency Domain Analysis - e.g. frequency responses 
¢ Plot results graphically to printer or screen. Screen graph plot copes with up to 4 
traces at once, with cursor measurement system. Handles most printers including 
HPGL plotters and postscript. 
¢ Check circuit operation before you build - save ££££s in prototyping components 
e Handles R,L,C passive components, BJT and PN diodes, and a comprehensive 
range of controlled and dependent voltage and current sources. 
Professional and Windows™ versions coming - send for details 


—_ NOW for PC compatibles (640K RAM, 720K FD or better) and ATARI ST 
machines, by sending cheque, postal or money order or credit card details to the above 
address for £19.95 incl.Full 14 Day Money Back Guarantee.Please specify disk 
format. Send A4 SAE for more details, including our range of PD & SHAREWARE. 


PC PD and SHAREWARE for Electronics Hobbyists & Education £3.00 per disk, 

fully inclusive of p&p etc. Just some of our range: 

* microEMACS - ideal for use with the C_SIM system. Includes documentation. Laser printed 
documentation, spiral bound, available for £7.50 inclusive of p&p etc. 

+ AC analysis - 3 small circuit AC simulators, handling passives and actives (FETs, Diodes. BJTs. 
OPAMPs etc.). Documentation on disk. Requires graphics monitor. 

+ PC TRACE - full featured PCB design system, with autorouter, printing & AUTOCAD (.SCR) 
output, for 2 sided single layer boards. Also list of components & connections. 300 components & 
1800 connections. 640K + colour monitor. Documentation on disk. Printed & Bound £7.50. 

* EGA TREK - full colour version of the classic game. All features plus sound and colour graphics 
and additional features. Requires EGA monitor. 

+ Also stats, mechanical engineering, programming and linear programming. Send SAE for full 

list. 










































(All respective trademarks are ecknowledged) 














TL34 
33 Range 3 1/2 digit mm 
24mm Large Display 
FEATURES: 5 Capacitance 
ranges. 6 - resistance 

























ASTEC SW mode 
power supply 


Three pin mains socket input, 
on/off switch. Output +5 volt 
3.75 amp, +12 voit 1.5 

mp, -12 volt 0.4 amp. 115- Z 
230 V A/C Input Fae 
Size 7.0 x 5.3 x 2.5 ins with 


circuit. £12.95 incivat § 


‘POCKET’ TEST INSTRUMENTS 
“(with case) Prices Incl VAT 
* 135 Satelite Signal Finder, FS +Compass £29.95 


* 1065 Digital Lux Meter - 3 Ranges £61.00 
* 120N Sound Level Meter - 2 Ranges £45.00 







200A 20 HZ. to 200 MHZ. 

2 Range Freq. Counter £104.58 
555 Sine/Sq. 20 HZ to 150KHZ. Audio Gen. 

Switch Freqs. £47.95 


* 50’ Digital Capacitance Meter upto 2000 mfd £51.00 
KDM6. TR Grid Dip. 6 Ranges 1.5to 250 MHZ £62.00 
* Y225V. VHS Video Head Tester £38.95 
HZ65. Component Tester - Add to any Scope £41.00 
* $T300. AC Clamp Meter. 0/300A. 0/600V. 0/1Kohm 

SPECIAL PURCHASE £25.95 















265. 0/2000 amp AC Clamp - Add to Dmm £15.95 
202. 0/200/2000 Amp AC/DC Version £53.95 
* 320P. Wallet Type Digital Multimeter ] 


£21.95 





SPECIAL PURCHASE 


LCR DIGITAL METER 
Pocket size instrument 
@ 3 1/2 digit LCD, 20 ranges. 
@ 7 Capacitance, 0/200 mfd 
@ 6 Inductance, 0/200H 

@ 7 Resistance 0/200 M ohm 












NE Ww STOC CKS ranges to 20M ohm Diode 
AND SP E CIAL OFFERS | oe A eallncige 































Open 6 days a week for 


AC/DC current to 20 amps. 
With leads, battery and 
instructions. 


£25.95 inci VAT 


TL3400 

31 range 3 1/2 digit mm 
with 25mm Large Display 
FEATURES: 4 Capacitance 
ranges. AC/DC volts. ‘ 
AC/DC current to 20 amps. 6 resistance ranges 
to 40M ohm Diode test. Continuity test. Logic 
checker with buzzer. Auto range frequency 
counter. Peak hold button. Temperature test. 


£39.95 inci VAT 










IN STOCK AUDIO-ELECTRONICS 


(Details in colour catalogue and supplements) 


FULL RANGE OF TEST INSTRUMENTS - 
@ Scopes M@ Counters m Power Supplies 

@ Generators M@ Meters @ Hameg @ Metex 

@ Blackstar @ Testiab @ Thurlby @ Thandar 
SECURITY AND COMMUNICATIONS - 

@ Alarms @ Lighting @ Detectors M Intercomms 
@ Doorphones @ CCTV and CB Radio 

AUDIO EQUIPMENT - @ For Public Address 

@ Hi-Power Car Systems M@ Disco and Hi-Fi 

@ Speakers M@ Amplifiers Mi Mics Mi Effects etc 
COMPONENTS AND TOOLS - Large Range inc. 
@ Fans @ Large Value Caps @ Relays 

@ Transistors 

ACCESSORIES - M@ For TV @ Video @ Hi-Fi 

@ Telephones CB etc etc. 












COLOUR 
CATALOGUE 








with suppleme 
Send £4 (Uk). 




















£69.95 inci VAT 
with leads and battery 


callers and telephone orders 


UK Carr/Pack/Ins £2.05 - 
Post Free any two items 


na, HENRY’ S404 Edgware Rd, London W2 1ED 


Instruments, Audio, Equipment 071-724 3564 





Security, CCTV, Communications 071-724 0323 with Catalogues 
. trade prices 
L Components, Service Aids 071-723 1008 for trade ang 
QUANTITY, EXPORT AND EDUCATION DISCOUNTS, oir 
x. 


OFFICIAL ORDER SALES Tel: 071-258 1831. Fax: 071-724 0322 
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PROJECT TITLE 


Modular Disco Lights — Masterlink 
Ultrasonic Proximity Meter 

Display Unit (753) & Sensor Unit (754) 
Disco Lights (Teach-In ‘91 Project 8) 

PSU and Pre-amplifier 

Low, Mid, High Filter/Triac (set of 3 boards) 
Teach-In ‘91 Part 8 -Solid State Switch Module 
Mod. Disco Lights — Pattern Gen 
Teach-In ‘91 Part 8—Light Sensitive Switch 
Opto-Link (Teach-In ‘91 Project 9) — Transmitter 

Receiver 


Order Code 


752 
753/754 








PCB SERVICE 


Printed circuit boards for certain EPE constructional projects are available from the PCB 
Service, see list. These are fabricated in glass fibre, and are fully drilled and roller tinned. 
All prices include VAT and postage and packing. Add £1 per board for airmail outside of 
Europe. Remittances should be sent to The PCB Service, Everyday with Practical 
Electronics, 6 Church Street, Wimborne, Dorset BH21 1JH. Cheques should be 
crossed and made payable to £veryday with Practical Electronics 

(Payment in £ sterling only). 


NOTE: While 95% of our boards are now held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for delivery — 
overseas readers allow extra if ordered by surface mail. 
Please check price and availability in the latest issue. 

Boards can only be supplied on a payment with order basis. 


755 
756 
rey 


Portable PEsT Scarer 
Capacitance Meter 
Modular Disco Lights - Dimmer Interface 

Mod. Disco Lights OCT'91 
VU Sound Module (Double-sided) 

UV Exposure Unit 

PC-Scope Interface — Main Board 
Expansion Plug (Double-sided) 

Mod. Disco Lights | 
Superchaser (Double-sided) 771 
Supersweep (Double-sided) 772 

Bicycle Alarm 773 

Darts Scorer 774 

Knockerbox 

Signal Generator — Main Board 


SEP'91 751 
765 


£5.17 
£8.17 


767 
768 
769 
770 


Weather Stn: Display Driver 672 & 678 
Display and Sensor 671 
Fermostat Mk2 677 
Superhet Broadcast Receiver/Tuner/Amp 679/680 
Stereo Noise Generator 
Digital Experimenter’s Unit — Pulse Generator 
Power Supply 
Enlarger Timer 
Weather Stn: Rainfall/Sunlight Display 
Rainfall Sen and Sunlight Sen 
Amstrad Speech Synthesiser 
80 Metre Direct Conversion Radio 
Mains Appliance Remote Control 
Encoder Board A 
Encoder Board B 
The Tester 


ee 


694 £6.61 
695 £4.78 


Mind Machine — Main Board 

Auto Nightlight 

Mind Machine — Programmer Board 780 
Transistor Checker 781 
Stepping Motor Driver/Interface 782 
Micro-Sense Alarm 783 





£7.39 
£4.63 
£10.39 
£5.42 


Mains Appliance Remote Control 

Mains ON/OFF Decoder 

(5 or more 697’s ordered together £3.25 each) 
Simple Metronome 


Hand Tally: Main Bd and Display Bd 

Alarm Bell Time-Out 

Mains Appliance Remote Control 
Temperature Controller (p.c.b. only) 


Ghost Waker 
Frequency Meter 


Colour Changing Christmas Lights 
Microcontroller Light Sequencer 
Versatile Bench Power Supply Unit 
Teach-In ‘91, Part 1 -L200 Module 
Dual Output Module 
LM723 Module 
Spatial Power Display 
Amstrad PCW Sound Generator 
Teach-In ‘91, Part 2—G.P. Transistor Amp 
Dual Op.Amp Module 
Intercom (Teach-In ‘91 Project 2) 
Analogic Test Probe 
MARC Phone-In 721 
Teach-In ‘91 Part 3-— TBA820M Amplifier 723 
High Quality Power Amp 724 
Bench Amplifier (Teach-In ‘91 Project 3) 725 
Gingernut 80m Receiver 
R.F. section (726), Voltage Regulator (7 
Audio Amplifier (728) 


714 


717 
718 








Pocket Tone Dialler 
Battery To Mains Inverter 





Simple Basic Alarm Order Code Project Quantity Price ol 
Car Code Lock (pair) eTocs me! 
Teach tn ST Page hc rs 
Sinusoidal Oscillator 2 
8038 Oscillator IU APG ecsiccescescestpntosssts-nevsedsitquimsnsinatbaneniatcn tas Hews leeadtaneanctetece > 
Waveform Generator (Teach-In ‘91 Project 4) I 
Humidity Tester ~di 
Model Train Controller (double-sided) PRON OSG cc iahavciicictaseate pai poatepubieuactsndesastaseacesivaxtnael seueduunloeatccpanteniubateen Pi 
Electronic Die (Teach-In ‘91 Project 5) wl 
Teach-In ‘91 Part 5 —Digital Counter Module ul 
Modular Disco Lighting System eee eRe UCU EU CCEUCECCECCeer reece errrcererrercrerrrrrrrererrr errr rr errererreererrre rer rrrererer rere erry ei | 
Switched Power Output Module bens fe h PO ae, ™ 
Digital LCD Thermostat-Control Board SSICIORS POY ONS OLE si sas? (chéque/ Acres Di 
£5 for pair in £ sterling only to 
| —Power/Relay Board Everyday with Practical Electronics) : le 
Pulse Generator (Teach-In ‘91 Project 6) Access (MasterCard) or Visa No. fit t di 
Teach-In ‘91 Part 6- Timer Module Minimum order for credit cards £5 Gahan ' 
Digilogue Car Tachometer JUN'91 744 \ 
Modular Disco Lights — Simple Chaser 745 
Sweeper Module 746 i 
Automatic Light Control — PSU Board 747 i 
Logic Board 748 Sie esecessteccnacecaneeencass Card Ex. Date......cccscseeesesseeees I 
Radio Receiver (Teach-In ‘91 Project 7) 749 i 
Teach-In ‘91 Part 7 - R.F. Amplifier Module 750 Please supply name and addess of card-holder if different from the address shown i 
mmenmt mE ee Ee Ee Se Se ee ee eee ee ee eee eee ee lee ee ee al 
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Telesound 

Programmable Timer 

Auto Garage Light 

Versatile BBC Computer Interface 
Economy Seven Timer 

Sonic Continuity Tester 
Telephone Ringer 

Experimental Weighing Scale 


£4.66 
£4.63 
£6.10 
787 £11.59 
788 £5.20 


APR‘92 789 £4.79 
790 £5.46 


FEB’92 784 
785 


MAR‘'92 786 


MAY'92 792 £5.1/ 
12V Drill Charger/PSU (both boards) 793 é 


£5.31 
Digital Servo Interface JUN 791 
Tie Pulser 794 
CCD Reverb Unit 795 
Switch- Mode Power Supply 796 
UV Exposure Timer 797 
Cricket Game 798 
Quick Prom 799 
Gas Alarm 
Dual Metronome 
Ultrasonic Tape Measure 
Quicktest 
Extended Range Capacitance Meter 
Whistle Switch 
Traffic Lights System 
Mini Lab 
EPE Altimet (Altimeter) 


JULY'92 
£6.77 
£5.61 


SEP?92 £6.06 
£4.82 


£5.63 


802 
803 
804 
805 
806 
MINI 


6) a Be P4 


NOV'92 


Personal Stereo Amplifier 
Inverter Daughter Board (for March ‘91 project) 


DEC'92 811T/811R 
812 


813 


£6.56 
£5.68 
£5.97 


Universal Infra-Red Remote Control 
Combination Switch 
Christmas Lights Spectrum 








£5.33. 


AUG'92 800 £5.47 
801 £6.74 
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WHETHER ELECTRONICS IS YOUR HOBBY 


OR YOUR LIVELIHOOD... 
YOU MODERN ELECTRONICS MANUAL 





The essential 
reference Work 


@ Easy-to-use format 
@ Clear and simple layout 
e Regular updates 


e Sturdy ring-binder 





e News of latest developments 
@ Full components checklist 

e Extensive data tables 

e Detailed supply information 
@ Ready-to-transfer PCBs 


e@ Comprehensive subject range 





EVERYTHING YOU NEED TO 
KNOW ABOUT LECTRON ics! e Concise repair procedures 


e Accurate assembly instructions 





The base manual contains information on the following subjects: 


BASIC PRINCIPLES: symbols, components and their characteristics, passive 
component circuits, power supplies, acoustics and electroacoustics, the workshop, 
principles of metrology, measuring instruments, digital electronics, operational 
amplifiers, timers, physics for electronics. 


CIRCUITS TO BUILD: construction techniques, radio, telephony, microcomputing, 
measuring instruments, vehicle electronics, security, audio, power supplies, electronic 
music (over 25 different projects). 


REPAIRS AND MAINTENANCE: radio, television, audio/hi-fi, telephones. 








DATA: diodes, transistors, thyristors and triacs, digital and linear i.c.s, microprocessors. 
The manual also covers Safety, Specialist Vocabulary with Abbreviations and Suppliers. 
OVER 1,000 pages, A4 format weighing over 3.5kg. 
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Over 1,000 pages of well-organised and clearly explained information Is | 
brought to you by an expert editorial team whose combined experience ensures 
the widest coverage. 


Regular supplements to this unique publication, each around 160 pages, 
mean that you will always be kept abreast of the latest developments from the 
UK, USA and Europe as they occur 








Each supplement contains approxi- The new revised edition of The Modern 

mately 160 pages — all for only £23.50 Electronics Manual contains practical, 

+ £2.50 p&p. You can of course return easy-to-follow instructions for building 

any supplement which you feel is and programming your own computer. It 
A sturdy ring-binder allows you to use superfluous to your needs. shows you how to make fun gadgets 


such as a remote control door opener 
and a digital rev. counter for your car. It 
also tells you how to construct useful 
devices like test gear, security and baby 
alarms — plus — many more popular 


the manual on your workbench. The 
looseleaf format also means you can 
slot in the regular updates as they arrive 
—so all your information is there ata 
















glance. We are able to provide you with the most devices. 
important and papular Ghicies in our Wimborne Publishing Ltd., 6 Church St, 
updating supplements. Our unique Wimborne, Dorset BH21 1JH 
_ updating system is based on answers Tel: 0202 881749 Fax: 0202 841692 
Should you come across a technical from readers request . __—_—, 
word, phrase or abbreviation you're not questionnaires. Through this . 
familiar with— simply turn to the service you are able to let us 


know exactly what information 
you require in your manual. 
You can also contact the editor 
directly in writing if you havea 
specific technical request or 
query relating to the manual. 


glossary included in the manual and 
you ll find a comprehensive definition in 
plain English. 





Unlike a book or encyclopedia, the 
manual is a living work — continuously 


updated by new material. Recent or There’s nothing to beat the 

upcoming supplements include radio, satisfaction of creating your 
superconductors, electric motors, own project. From basic 

basic electronic building blocks for principles to circuit-building, 

beginners which can be joined the manual describes clearly, 

together to construct elaborate circuits, with appropriate diagrams, 

filters, IBM PC and compatibles how to assemble radios, 

(including use of PC cards). loudspeakers, amplifiers, 

Supplements are sent to you micro-computers and 

approximately every two months. measuring instruments. . 





THE MODERN ELECTRONICS MANUAL 


New Revised Edition of Basic Work: Now contains over 1,000 pages of information. 

Regular Updates: Approximately 160-page supplements of additional information which are forwarded to 
you immediately on publication. These are billed separately and can be discontinued at any time. 
Presentation: Durable looseleaf system in large A4 format (197mm x 210mm) 

Price of the Basic Work: £39.95 +£5.50 p&p (to include a recent supplement). 


ne eee ee ee ee ee 






















Y lease send me on 10 days free approval THE MODERN ELECTRONICS 

; ES ARIAL If | decide to fe ence | shall then pay only £39.95 plus ORDER FORM : 
# a p ’ P y y . p : Simply complete and return the order form a 
g £5.50 postage and packing at the end of the 10 days approval period. | shall also receive to the following address § 
§ the appropriate Updating Supplements several times a year. These are billed separately The Modern g 
§ and can be discontinued at any time. Electronics Manual i 
& Wimborne Publishing Ltd | & 
a 6 Church Street 8 
| FULL NAME SeOGebsewecused asieusisbebemeseescaatec codscedececes esse eeccesoncdscevehesdebeuesepaeeseesdsnaesseeeeeeeet ss cesses beeteus sensdecGessccccosadvaes Wimborne Dorset BH21 1JH | 
(PLEASE PRINT) F 
] OVERSEAS ORDERS: Ali overseas orders must be| 
Oy Pe SS arcade te ea cssinecduitversecnte sabe en ctenser serena easiness cia bean tiaeasuaoaseens prepaid but are supplied under a money-back guarantee of| ff 
E satisfaction. If you are not entirely happy with the manual return it r 

within a month for a refund of the purchase price (you do have to 
a pay the postage). Add the following amounts to the price of the a 
© ccnienn oe aunnnunieanies ero ee eee 3 
i ea i tea eee atr sta eat eee cesT EIRE £10.50 (air mail only} - 
EUROPE (including C.I.S.) £21.00 (air mail only) 
z MIDDLE EAST/FAR EAST/INDIA £20 surface i 
AFRI SOUTH AFRICA 
cas Sopecatipuistssivanshaessa tenttegs aot seint nie POS DE ciisscsansuadesiasesnerdoncavesnsite adie Pere dials } £37 air g 
é REST OF THE WORLD £25 surface, £31 air J 
B LAMOVER 18 Note surface mail can take around 8 weeks to some parts of the| @ 
B SIGNATURE............. world. Each manual weighs about 4-5kg when packed. % 
ssssvsssennanssssensanuasacensonuassscensanunatscessssssnsssssesssnnvsssceenananessssennannesssessess All payments must be made in £'s Sterling payable ‘to Wimborne 

; (Parent or guardian must sign ifunder 18) | Publishing Ltd. We accept Mastercard (Access) and Visa credit cards. : 
meme Hee Hee eee eee ee Hee eee eee ee ee eee eee ee eee ee ee eSB eS eS SS eS 
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Constructional Project 


AUTO-SWITCH - 
ADD-ON 


KEN TAYLOR 


Prolong the operating life of your 
battery operated equipment with 
one of these two low-cost ada-ons 


reduce your battery costs if you — or 

your family — often forget to switch 
off toys, radios, test equipment, or other 
battery operated items. It will do as:much 
for saving PP3 type battery costs as the Dry 
Cell Recharger (Sept ’91 — for back issues) 
did for single cells. 

You may remember. that the one 
common battery type that couldn’t be 
recharged was the PP3 and it was advised 
that devices using 9 volt batteries shouldn’t 
be purchased. But this battery is being used 
in more and more toys and equipment and 
if you want one of these there is little you 
can do. | 

This problem came to prominence when 
the author decided to purchase one of the 
small Digital Volt Meters - DVM’s — on 
the market. Some have an auto switch-off 
facility but the one selected didn’t have 
this. With the most conscientious inten- 
tions it was found difficult to remember to 
always return the rotary switch to the OFF 
position after each use and some hours or 
even days later the meter would be found 


Hei a simple device that should 


COMPONENTS 


Simple Version (Fig. 1) 


Resistors 
R1,R2 1M (2off) 


All 0:25W 5% carbon film TALK 


Potentiometer Page 
VR1 1M enclosed vertical min. 
preset, lin. 


Capacitor 
C1 47 sub-min. radial elect., 
16V or more 


Semiconductor 
1C1 TLC555C CMOS timer i.c. 


Miscellaneous 

Miniature pushbutton switch; 8-pin 
d.i.l. socket; stripboard, O-1in. matrix 
(size as required); connecting. wire; 


solder, etc. 


y{Voy el ged. Mereky 4 
guidance only 
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to be still switched on. Something was 
needed urgently. 


REQUIREMENT 


For the DVM, a unit was required which 
was small enough that it could easily be 
attached to the meter, take a negligible ex- 
tra current to the five milliamps taken by 
the meter and provide times of about two 
to 10 minutes. When it switched the unit off 
it should ideally also switch itself off and 
cease to take any current. 

For radios, toys and other battery 
operated equipment, the switching current 
might be as high as 500 milliamps and the 
maximum time up to one hour. The 
voltages of these devices will also vary and 
the unit should cater for a range of about 
SV to 12V. The unit should be small 
enough to be built into these larger devices. 


SIMPLE VERSION 


The simplest version of the Auto-Switch 
Add-On Unit circuit, designed to operate 
the DVM, is shown in Fig. 1. Because the 
meter needs such a small current it was 
decided that a circuit using just a CMOS 
timer might meet the requirements. 

However, a look at the timer specifica- 
tion revealed the first problem. The timer 
output in common with many i.c.s is 
capable of sinking a much higher current 
than it can source, therefore the circuit 
should connect the negative lead of the 













DVM to the timer so that it will be 
switched on when the timer output is low. 
But in the monostable mode the timer 
output is normally low and goes high when 
timed out. 

This circuit reverses the sequence being 
low whilst timing and going high when it 
has timed-out. So you will find the circuit 
slightly different to the one you would nor- 
mally expect. Also there is a single push- 
button switch S1 to both reset and start the 
timing cycle. 

There is no doubt that this circuit fulfils 
some of the requirements and would cer- 
tainly pay for itself in battery saving for 
low current devices; but it also has some 
serious failings. Although while timing it 
only takes 170 microamps, it continues to 
take this current after it has switched off 





Fig. 1. Circuit diagram for the Simple Auto-Switch Add-On for low current devices. 
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the device. This current drain will continue 
until the device itself is switched off. 

Another undesirable feature of this cir- 
cuit is the internal resistance of the timer. 
At five milliamps there is a voltage drop 
of 0-072V (see Table 1) which doesn’t look 
too bad. But this gives an internal resis- 
tance of 14-4 ohms that at 100 milliamps 
would drop 1-4V. 

This drop on a supply of 9V could be 
quite serious and at lower voltages would 
be unacceptable. It could also give rise to 
distortion in an audio device unless decou- 
pling measures were taken. 

So although the circuit Fig. 1 could be 
useful in certain circumstances further im- 
provements were necessary. These would 
keep all the good points, such as the low 
operating current, of the simple circuit but 
removing the undesirable features of in- 
ternal resistance and lack of switch-off. 


IMIPROVED CIRCUIT 


One method of solving the problem with 
the first circuit would be to use a relay. But 
a normal relay requires too much current 
even if the “holding” current is reduced to 
a minimum. 

A while ago the author produced a reed 
relay which by mounting a permanent 
magnet in a suitable position would latch 
ON when the coil current assisted the 
magnet and unlatch when the direction of 
the current was reversed. This type of relay 
needs no holding current and therefore 
would be ideally suitable for this applica- 
tion. 

However, it was found to be very difficult 
to achieve reliable operation and so en- 
quiries were made of the major suppliers to 
find a commercial equivalent. The relays 
that were obtained were found to operate 
on the same reed switch principle but they 


COMPONENTS 


Relay Version (Fig. 2) 


Resistors 


See 
Ri 1M SHOP 


R2 2M2 . 
All 0-25W 5% carbon film TALK 


Page 
Potentiometer 
VR1 1M sub-min. enclosed 
horizontal preset, lin. 


Capacitors 

C1 220p sub-min. radial elect., 
16V or more 

Or 10n ceramic 

C3 47 sub-min. radial elect., 
16V or more 

C4 Ou47 sub-min. radial elect., 
16V or more 


Semiconductor 
1C1 ICM7555 CMOS timer i.c. 


Miscellaneous 
RLA 5Vor12V, twin coil (167 or 
960 ohm), d.i.|. latching relay 
with double-pole changeover 
contacts 
S1 Min. pushbutton switch, 
press-to-make non-locking 
Plastics case, size 75mm x 50mm x 
25mm; stripboard 0-1in. matrix, size 18 
strips x 24 holes; 8-pin d.i.I. socket; 16- 
pin d.i.l. socket; connecting wire; solder, 


£S 


Approx cost 
guidance only 





Table 1: Operating Data for the Low Current Timers 


Operating voltage Max 
Min 


Operating cuttent at 9 volts 
(in Fig. 1 Circuit) 


Output current (Sink) Max 


Volt drop at 5mA (Sink) 


Internal resistance 


also had an improvement. They had two 
coils one for on and one for off and this 
greatly simplifies the switching. 

The final circuit diagram for the Auto- 
Switch Add-On is shown in Fig. 2. Because 
the relay unlatches at the end of the timing 
period when the timer output goes low, the 
circuit looks more like the one you would 
expect for a 555 timer. 

The timer IC] is initiated by the Start 
pushbutton switch S1 which latches the 
relay by energising the start coil winding 
across pin 8 and pin 9. This closes the two 
relay contacts pins 12/16 and pins 1/5. The 
closing of the relay contacts at pin 12 and 
pin 16 completes the battery positive sup- 
ply to the “‘equipment”’ or device switch. 

Providing the device switch is ON the 
timer output goes high and the timer starts 
to time-out. At the end of this period the 
output goes low and energises the unlatch 
winding across pin 7 and pin 10. This 
opens both sets of contacts and the device 
being powered and the timer are switched 
off. Similarly all current ceases if the device 
switch is turned off; but then at switch-on 
the timer will restart without the button 
being pressed. 

According to the specification for the 
timers no supply decoupling capacitor is 
needed. Despite this it. has sometimes been 
found necessary when operating at five 
volts to fit one, shown dotted (C3) in Fig. 2, 
otherwise the relay drops out when the 
pressbutton switch is released. 

There are 5V and 12V versions of the 
twin coil, latched relays available, covering 
the range 4V to 18V. This is virtually the 
same as a low current timer and defines the 
operating range of the unit. 

The five volt relay should be used in a 
circuit with a voltage of 4V to 8V and the 





ICM TLC 
7555 555C 
18 volts 18 volts 

2 volts 2 volts 
0:12mA 0:17mA 
100mA 100mA 
0-117 volts 0-072 volts 
23 ohms 14-4 ohms 


12 volt relay for voltages of from 8V to 
18V. While the lower voltage relay does 
not seem reliable below 4V the 12V one 
has worked reliably down to six volts this 
is well below the voltage at which a 9V 
battery would be replaced. The maximum 
switch rating for both of these relays is 1A 
which should cater for most requirements. 


MAKING TIME 


There are two readily obtainable low cur- 
rent timers, ICM7555 and TLCS5SSC. Both 
give the same time delay but differ slightly 
in some of the other parameters. 

Table 1 compares these two types but 
basically the TLCSSS is best for the simple 
circuit because it has the lowest internal 
resistance and the ICM7555 is best for the 
relay circuit, having a slightly lower operat- 
ing current. There is very little difference in 
the price and both have the same operating 
voltage range. 


Completed relay version (left) and a 
smaller version (right). 





Fig. 2. Circuit diagram for the improved relay version of the Auto-Switch Add-On. 


IC1 
ICM 7555 
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TO SUIT BOX 


A 
B 
c 
D 
E 
F 
6 
H 
1 
J 
K 
k 
“ 
N 
Q 
P 
Q 
até 


+VE 


FROM DEVICE BEYOND 
SWITCH 


TO PUSHBUTTON 
s1 


TO DEVICE POSITIVE 
SWITCH 


BATTERY -VE 


Fig. 3. Stripboard component layout and underside copper break details. 


CONSTRUCTION 


No construction details or layout is given 
for the Simple Auto-Switch Add-On cir- 
cuit (Fig. 1) as this unit will probably be 
tailored to suit the device to be powered. 
The problem with the relay version was to 
find a suitable container. 

If there is plenty of room inside the case of 
the device to be controlled, or if a box is 
acceptable, the Relay version can be con- 
structed on a piece of stripboard, size 18 
strips x 24 holes. The stripboard component 
layout and details of the breaks in the under- 
side copper tracks is shown in Fig. 3. 

The unit which was designed for operation 
with the DVM was also built on a small 
piece of off-cut stripboard, size 14 strips by 4 





holes, and was designed to fit into a “Her- 
mesetas” sweetener box — see photographs. 
This was ideally suited as it was just large 
enough and has an opening gap at the front 
providing access to the time adjustment 
potentiometer. The copper strips on the 
board are cut between the two centre holes, 
along its length, to form a miniature “tag- 
board”. 

This is an example of what can be done to 
pack the components into the space avail- 
able. Most of the components are small and 
in this unit the timer i.c. was fitted into a 
wire-wrap type socket which was soldered 
well clear of the stripboard to provide space 
underneath for the resistors and the 10nF 
capacitor C2. 


Two versions of the Auto-Switch Add-On. To enable the 
smaller version to fit into the tiny box, some of the components 
are mounted underneath a wire-wrap d..1.1. socket. 


840 


At the time it was constructed a push- 
button switch small enough to fit the box 
couldn’t be found and one salvaged from 
the front p.c.b. of an old Betamax video 
was used. However, this type of sub-mini- 
ature switch is now available if you need it. 
(See Shop Talk). This unit is attached to the 
DVM with double-sided adhesive tape. 

While it 1s not essential, both the timer IC1 
and the relay RLA are fitted into d.i.1. sock- 
ets, enabling the soldering to be finished 
before the main components are fitted. This 
also enables the relay to be changed very 
easily if the unit is required to operate at a 
different voltage. 


IN-CIRCONIT 


To fit the Auto-Switch to a piece of 
equipment it is only necessary to discon- 
nect the equipment positive wire from the 
battery and connect it to board location 
024 (pin 16 of the relay RLA). The positive 
(relay pins 9 and 12) and “ground” (—V) 
leads from stripboard points A24 and Q24 
are then connected directly to the equip- 
ment battery. 

A connection is made from the circuit 
side of the device/equipment On/Off switch 
to pin 10 of the relay at board point B24. 
This is not usually a problem. It is only 
necessary to search the device p.c.b. with a 
voltmeter until a contact is found where 
the full battery voltage is present, checking 
that this voltage is controlled by the device 
switch. 

Often this will be pin 14 or pin 16 of 
an i.c. or the positive connection of an 
electrolytic capacitor. However, if it is not 
possible to make this connection, relay pin 
16 can be joined to pin 10 and the timer will 
still work satisfactorily. The advantage of 
wiring the timer through the device switch 
is that when the device is switched off all 
current ceases: even the small current drain 
taken by the timer. 

The component values shown in the cir- 
cuits of Fig. | and Fig. 2 give approximate 
times of one to ten minutes. This is a use- 
ful range for equipment such as the DVM 
which in use has been found to be best with 
a time of about four minutes. 

Those who have used the 555 timers 
before, will know that the timing is directly 
proportional to the value of the capacitor 
Cl and/or resistor Rl. Therefore to double 
the time either the resistor value or the 
capacitor value should be doubled. O 
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—~£1 BARGAIN PACKS -— 


In fact, cheaper than £1 because 
if you buy 10 you can choose one 
other and receive it free! 


LIGHTWEIGHT STEREO HEADPHONES moving 

coil so superior sound. Order Ref. 896. 

LOUDSPEAKER 672" 4 ohm 12 watt max. Order 

Ref. 900. 

2x 25W CROSSOVERS for 4 ohm loudspeakers. 

Order Ref. 22. 

2x NICAD CONSTANT CURRENT CHARGERS 

easily adaptable to charge almost any nicad 

battery. Order Ref. 30. 

10m TWIN SCREENED FLEX white pvc cover. 

Order Ref. 122. 

2 x WHITE PLASTIC BOXES with lids, approx. 3” 

cube. Lid has square hole through the centre so 

these are ideal for light operated switch. Order 

Ref. 132. 

2x REED RELAY KITS you get 8 reed switches and 

2 coil sets with notes on making relays and other 

gadgets. Order Ref. 148. 

1x BIG PULL SOLENOID mains operated. Has 2” 

pull. Order Ref. 871. 

1x BIG PUSH SOLENOID mains operated. Has i 

Ya"’ push. Order Ref. 872. 

1x MINI MONO AMP 3W into 4 ohm speaker or 1W 

into 8 ohm. Order Ref. 268. 

1x MINI STEREO 1W AMP. Order Ref. 870. 

1x IN-FLIGHT STEREO UNIT is a stereo amp. Has 

two most useful mini moving coil speakers. Made 

for BOAC passengers. Order Ref. 29. 

1 x MAGNETIC SECRET SWITCH does not look 

like a switch and is supplied with a separate 

magnet to operate it. Order Ref. 873. 

1x 0-1mA PANEL METER full vision face 70mm 

square. Scaled 0-100. Order Ref. 756. 

2x LITHIUM BATTERIES 2.5V penlight size. Order 

Ref. 874. 

2x 3M TELEPHONE LEADS with BT flat piug. Ideal 

for ‘phone extensions, fax, etc. Order Ref. 552. 

1x 12V SOLENOID has good ‘2"’ pull or could 

push if modified. Order Ref. 232. 

4x IN-FLEX SWITCHES with neon on/off lights, 

saves leaving things switched on. Order Ref. 7. 

2x 6V 1A MAINS TRANSFORMERS upright 

mounting with fixing clamps. Order Ref. 9. 

12 x 30 WATT REED SWITCHES. It’s surprising 
_what you can make with these — burglar alarms, 

secret switches, relay, etc. Order Ref. 13. 

2x HUMIDITY SWITCHES, as the air becomes 

damper the membrane stretches and operates a 

micro switch. Order Ref. 32. 

5 x 13A ROCKER SWITCH three tags so on/off, or 

changeover with centre off. Order Ref. 42. 

2x FLAT SOLENOIDS you could make your multi 

tester read AC amps with this. Order Ref. 79. 

1x SUCK OR BLOW OPERATED PRESSURE 

SWITCH or it can be operated by any low pressure 

variation such as water level in water tanks. Order 

Ref. 67. 

1x 6V 750mA POWER SUPPLY, nicely cased with 

mains input and 6V output leads. Order Ref. 103A. 

2x STRIPPER BOARDS, each contains a 400V 2A 

bridge rectifier and 14 other diodes and rectifiers 

as well as dozens of condensers, etc. Order Ref. 

120. 

12 x VERY FINE DRILLS for pcb boards etc. 

Normal cost about 80p each. Order Ref. 128. 

5 x MOTORS FOR MODEL AEROPLANES, spin to 

start so needs no switch. Order Ref. 134. 

6 x MICROPHONE INSERTS magnetic 400 ohm 

also act as speakers. Order Ref. 139. 

6 x SAFETY COVER for 13A sockets — prevent 

those inquisitive little fingers from getting nasty 

shocks. Order Ref. 149. 

6 x NEON INDICATORS in panel mounting holders 

with lens. Order Ref. 180. 

1x IN-FLEX SIMMERSTAT keeps your soldering 

iron, etc., always at the ready. Order Ref. 196. 

1 x MAINS SOLENOID very powerful as 2" pull or 

could push if modified. Order Ref. 199. 

1 x ELECTRIC CLOCK mains operated, put this in 

a box and you need never be late. Order Ref. 211. 

4x 12V ALARMS makes a noise about as loud as a 

car horn. All brand new. Order Ref. 221. 

2x (6” x 4”) SPEAKERS 16 ohm 5 watts so can be 

joined in parallel to make a high wattage column. 

Order Ref. 243. 

1x PANOSTAT controls output of boiling ring from 

simmer up to boil. Order Ref. 252. 

2 x OBLONG PUSH SWITCHES for bell or chimes, 

these can switch mains up to 5A so could be foot 

switch if fitted in pattress. Order Ref. 263. 

50 x MIXED SILICON DIODES. Order Ref. 293. 

1x 6 DIGIT MAINS OPERATED COUNTER 

standard size but counts in even numbers. Order 

Ref. 28. 

2x 6V OPERATED REED RELAYS one normally 

on, other normally closed. Order Ref. 48. 

1 x CABINET LOCK with 2 keys. Order Ref. 55. 

1 x MAGNETIC BRAKE for stopping a motor or 

rotating tool. Order Ref. 66. 

1x SHADED POLE MAINS MOTOR %” stack so 

quite powerful. Order Ref. 85. 

2x 5” ALUMINIUM FAN BLADES could be fitted to 

the above motor. Order Ref. 86. 

1x CASE 3% x 2% x 1% with 13A socket pins. 

Order Ref. 845. 

2x CASES 212 x 2% x 1% with 13A pins. Order Ref. 

565. 

4x LUMINOUS ROCKER SWITCHES 10A mains. 

Order Ref. 793. 

4x DIFFERENT STANDARD V3 MICRO SWITCHES. 

Order Ref. 340. 

4x DIFFERENT SUB MIN MICRO SWITCHES. 

Order Ref. 313. 





BARGAINS = GALORE 


THIS MONTH’S SNIP is a Japanese-made 12V d.c. battery 
operated, brushless axial fan. 933mm square, its optimum is 
12V but it performs equally well at only 6V and its current then 
is only 100mA so it could be made into a hand-held dry 
battery-operated cooler. Or, on your desk operated by a P.S.U. 
or in the car using the lighter socket. Snip price only £4, Order 
Ref. 4P65. Mains power unit to operate this at variable speeds 
£2, Order Ref. 2P3. 

MOVEMENT ALARM goes off, with the slightest touch. Ideal to 
protect car, cycle, doorway, window, stairway, etc. etc. Com- 
plete with Piezo shrieker, ready use. Only £2 (PP3 battery not 
supplied) Order Ref. 2P282. 

PROJECT BOX a first-class, Japanese two-part moulding size 
95mm x 66mm x 23mm. Held together by 2 screws, this will 
hold a PP3 battery and a PCB and is ideal for many projects. 
To name just a few, the washer bottle described in Septem- 
ber’s issue of E.E. This is nicely finished and very substantial. 
You get 2 for £1, Order Ref. 876. 

HOLD IT MAGNETIC BASE embedded in a circular metal 
shallow disc, diameter approx 65mm (2%"’), is the most 
powerful magnet. We have yet to find anyone who can remove 
this with his fingers. Ideal for adding extra shelves inside a 
metal case or to glass without drilling. Its uses, in fact, are 
innumerable. Price £2 each, Order Ref. 2P296. 

AM/FM RADIO CHASSIS with separate LCD module to dis- 
play date and time. This is complete with loudspeaker and is 
mains-powered. Price £3.50, Order Ref. 3.5P5. 

2, 3 AND 4 WAY TERMINAL BLOCKS the usual grub screw 
types. Parcel containing a mixture of the 3 types, giving you 
100 ways for £1, Order Ref. 875. 

12/24 DC SOLENOID. The construction of this is such that it 
will push or pull as the plunger is a combined rod and piston. 
With 24V this is terrifically powerful but is still quite good at 
12V and, of course, it can be operated by any intermediate 
voltage. Price £1, Order Ref. 877. 

2M 3-CORE LEAD terminating with flat pin instrument socket, 
£1, Order Ref. 879. Ditto but with plug on the other end so that 
you could use this to extend an instrument lead, £1.50, Order 
Ref.1.5P10. - 

MULTI-CORE CABLES all with 8A 230V cores so suitable for 
disco and other special lighting effects. With earthable woven 
screen and thick pvc outer. 3 core, 30p per metre, 16 core, 50p 
per metre, 18 core, 80p per metre, 25 core £1 per metre and 36 
core, £1.50 per metre. 

20W 5” 4 OHM SPEAKER mounted on baffle with front grille, 
£3, Order Ref. 3P145. Matching 4 ohm 20W tweeter on 
separate baffle, £1.50, Order Ref. 1.5P9. 

135W POWER SUPPLY UNIT - ASTEC 230V in + 12V at 4A, 
+5V at 16A and —12V at %A out. Completely enclosed in 
plated steel case, brand new £9.50, Order Ref. 9.5P!. 

LOW PRICED FIELD TELEPHONES Ex-GPO models, not quite 
so nice looking but quite efficient, and have the big advantage 
that the ringing is done by means of a hand operated internal 
generator. This saves a lot of batteries. These ‘phones have 
the normal type of rotary dial built in and can still be con- 


_ nected into a normal B.T. system. Tested, guaranteed in good 


order, price only £9.50 each. Order Ref. 9P5. 

DRY BATTERIES CAN BE RECHARGED but not with a normal 
d.c. charger, it must be a periodic current reversal type. We 
can supply the kit, with data, £9. Order Ref. 9P10. 

SOLAR ENERGY EDUCATIONAL KIT - an ideal present for 
electronics students, it shows how to make solar circuits and 
electrical circuits, how to increase to voltage or current, how 
to use solar power to work a radio, calculator, cassette player 
and to charge nicad batteries. The kit comprises 8 solar cells, 
one solar motor, fan blades to fit motor and metal frame to 
hold it to complete a free-standing electric fan. A really well 
written instruction manual makes this a lovely little present. 
Price £8.00. Order Ref. 8P42B. 

HEAVY DUTY FLEX 3 core 15A, grey outer, 10m for £2.50, Or- 
der Ref. 2.5P3. 3 core 20A, white outer, 10m for £3, Order Ref. 
3P109. 2 core 20A, 15m for £3, Order Ref. 3P110. 

HIGH POWER SWITCH MODE PSU normal mains input. 3 out- 
puts:- + 12V at 4A, +5V at 16A and — 12V at 2A. Completely 
enclosed in plated steel case. Brand new. Our special offer 
price of £9.50 extended until 31st August. Order Ref. 9.5P1. 
MULTI-CORE CABLES all with 8A 230V cores so suitable for 
disco and other special lighting effects. With earthable woven 
screen and thick pvc outer. 3 core, 30p per metre, 16 core, 50p 
per metre, 18 core, 80p per metre, 25 core, £1 metre and 36 
core, £1.50 per metre. 

VARIAC an infinitely variable unit gives any voltage from 0- 
230 a.c. at %A. Obviously an invaluable piece of equipment 
which should be in every workshop and probably would be 
except that the usual price for this is £35 plus VAT. Now is 
your chance to buy one, brand new, at £15 including VAT, 
Order Ref. 15P42B. 

ULTRA THIN DRILLS Actually 0.3mm. To buy these regular 
costs a fortune. However, these are packed in half dozens and 
the price to you is £1 per pack, Order Ref. 797B. 

YOU CAN STAND ON IT! Made to house GPO telephone 
equipment, this box is extremely tough and would be ideal for 
keeping your small tools. Internal size approx. 10%" x 4%" 
x 6” high. These are complete with snap closure lip and 
shoulder-length carrying strap. Taken from used equipment 
but in good condition, price £2, Order Ref. 2P283B. 

BUILD YOUR OWN NIGHT LIGHT, battery charger or any 
other gadget that you want to enclose in a plastic case and be 
able to plug into a 13A socket. We have two cases, one 3'2"' x 
2%,"’ x 1%" deep, £1 each, Order Ref. 845. The other one is 
242" x 2%" x 1%" deep, 2 for £1, Order Ref. 565. 

SAFETY LEADS curly coil so they contract but don’t hang 
down. Could easily save a child from being scalded. 2 core, 
5A, extends to 3m, £1, Order Ref. 846, 3 core, 13A, extends to 
1m, £1 each, Order Ref. 847, 3 core, 13A, extends to 3m, £2 
each, Order Ref. 2P290. 

POWER SUPPLY WITH EXTRAS mains input is fused and fil- 
tered and the 12V dc output is voltage regulated. Intended for 
high class equipment, this is mounted on a PCB and, also 
mounted on the board but easily removed, are 2 12V relays 
and a Piezo sounder. £3, Order Ref. 3P80B. 

ULTRA SONIC TRANSDUCERS 2 metal cased units, one 
transmits, one receives. Built to operate around 40kHz. Price 
£1.50 the pair, Order Ref. 1.5P/4. 

100W MAINS TRANSFORMERS normal primaries 20-0-20 at 
2.5A. or 30V at 3.5A, £4, Order Ref. 4P24. 40V at 2.5A, £4, 
Order Ref. 4P59. 50 V at 2A, £4, Order Ref. 4P60. 
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PHILIPS 9” HIGH RESOLUTION MONITOR black & white in 
metal frame for easy mounting, brand new still in maker's 
packing, offered at less than price of tube alone, only £15, 
Order Ref. 15P1. 

16 CHARACTER 2-LINE DISPLAY screen size 85mm x 36mm, 
Alpha-numeric LCD dot matrix module with integral micro 
processor made by Epson, their Ref. 16027AR, £8, Order Ref. 
8P48. 

INSULATION TESTER WITH MULTIMETER internally gener- 
ates voltages which enable you to read insulation directly in 
megohms. The multimeter has four ranges. AC/DC volts, 3 
ranges DC milliamps, 3 ranges resistance and 5 amp range. 
These instruments are ex British Telecom but in very good 
condition, tested and guaranteed OK, probably cost at least 
£50 each, yours for only £7.50, with leads, carrying case £2 
extra, Order Ref. 7.5P/4. 

MAINS 230V FAN best make ‘‘PAPST’’ 4%"’ square, metal 
blades, £8, Order Ref. 8P8. 

2MW LASER Helium neon by Philips, full spec. £30, Order Ref. 
30P1. Power supply for this in kit form with case is £15, Order 
Ref. 15P16, or in larger case to house tube as well £18, Order 
Ref. 18P2. The larger unit, made up, tested and ready to use, 
complete with laser tube £69, Order Ref. 69P1. 

1/3 HP 12V MOTOR — THE FAMOUS SINCLAIR C5 brand new, 
£15, Order Ref. 15P8. 

SOLAR CHARGER holds 4 AA nicads and recharges these in 
8 hours, in very neat plastic case, £6, Order Ref. 6P3. 

FERRITE AERIAL ROD 8” Long x %’’ diameter, made by Mul- 
lard. Complete with 2 coil formers. 2 for £1, Order Ref. 832B. 
AIR SPACED TRIMMER CAPS 2-20 pf ideal for precision 
tuning UHF circuits, 4 for £1, Order Ref. 818B. 

MAINS ISOLATION TRANSFORMER stops you getting ‘‘to 
earth’’ shocks. 230V in and 230V out. 150watt upright mount- 
ing, £7.50, Order Ref. 7.5P/5 and a 250W version is £10, Order 
Ref. 10P79. 

5RPM MAINS DRIVEN This is a shaded pole motor, £5, Order 
Ref. 5P54. 

POWER SUPPLY UNIT mains in, dc out, cased 4.5V 100mA, £1, 
Order Ref. 104, 6V 200mA £1, Order Ref. 103, 6V 700mA, £1, 
Order Ref. 103A, 24V 200mA, £2, Order Ref. 2P4, 12V 2A, £6, 
Order Ref. 6P23. 

AMSTRAD POWER UNIT 13.5V at 1.9A encased and with leads 
and output plug, normal mains input £6, Order Ref. 6P23. 

ATARI 65XE at 65K this is quite powerful, so suitable for home 
or business, unused and in perfect order but less PSU, only 
£19.50, Order Ref. 19.5P/5B. . 

80W MAINS TRANSFORMER two available, good quality, both 
with normal primaries and upright mounting, one is 20V 4A, 
Order Ref. 3P106 the other 40V 2A, Order Ref. 3P 107, only £3 
each. 

PROJECT BOX size approx 8” x 4” x 4%" metal, sprayed 
grey, louvred ends for ventilation otherwise undrilled. Made 
for GPO so best quality, only £3 each, Order Ref. 3P74. 

WATER VALVE 230V operated with hose connections, ideal for 
auto plant spray or would control air or gas into tanks etc., £1 
each, Order Ref. 370. 

BT POWER SUPPLY UNIT output 9.5V AC at 600mA, in black 
plastic case with 13A plugs to go straight into socket and ap- 
proximately 3 metres of twin output lead. Price £1.50, Order 
Ref. 1.5P7. 

BUILDING YOUR OWN PSU, battery charger, night light, or 
any other gadget that you want to enclose in a plastic case 
and be able to plug into a 13A socket? We have two cases, one 
3% x 2% x 1%’ deep, £1 each, Order Ref. 845. The other one is 
2% x 2% x 1%’’ deep, 2 for £1, Order Ref. 565. 

500V BRIDGE MEGGER developed for GPO technicians the Oh- 
meter 18B is the modern equivalent of the bridge megger. 9V 
battery operated, it incorporates a 500V generator for insula- 
tion testing and a null balance bridge for very accurate resis- 
tance measurement. Ex B.T. in quite good condition with data & 
tested. Yours for a fraction of original cost, £45, Order Ref. 45P2. 
EXPERIMENTING WITH VALVES don’t spend a fortune on a 
mains transformer, we can supply one with standard mains 
input and secs. of 250-0-250V at 75mA and 6.3V at 3A. £5, 
Order Ref. 5P167. 

15W 8 OHM 8” SPEAKER & 3” TWEETER made for a discon- 
tinued high quality music centre, gives real hi-fi, and only £4 
per pair, Order Ref. 4P57. 

3V SOLAR PANEL price £3, Order Ref. 3P99B. 

WATER PUMP very powerful with twin outlets, an ideal 
shower controller, mains operated, £10, Order Ref. 10P74. 
0-1MA FULL VISION PANEL METER 2%” square, scaled 0-100 
but scale easily removed for re-writing, £1 each, Order Ref. 
756. 

VU METER illuminate this from behind becomes on/off in- 
dicator as well, 1%'’ square, 75p each, Order Ref. 366. 
EDGE-WISE PANEL METER ideal when short of panel space 
only 40 x 14mm, also have built-in led, 500A f.sdd, scaled 0-5, 
£1 each, Order Ref. 131. 


LIMITED SUPPLY ITEMS 


are only described in our newsletter. Over 50 appear in our 
current issue. If you order something this month you will receive 
this and the next three issues posted to you free of charge. 











Prices include V.A.T. Send cheque/postal 
order or ring and quote credit card number. 


Add £3 post and packing. Orders over £25 
post free. 


M & B ELECTRICAL 


SUPPLIES LTD 


12 Boundary Road, Hove, 


Sussex BN3 4EH 


Telephone (0273) 430380 
Fax or phone (0273) 410142 
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_ REPORTING 
AMATEUR RAD 


Tony Smith G4FA 


NEW MORSE TEST 

To obtain an amateur “A” licence one 
needs to pass a 12 words per minute 
Morse test, as well as the Aadio 
Amateurs’ Examination, and for many 
years the test has simply required can- 
didates to send and receive plain lan- 
guage text and, separately, to send and 
receive groups Of figures. 

When the new Novice licence was 
introduced last year, with an “A” version 
requiring a 5 w.p.m. Morse ability, the 
Novice test had a new format. This re- 
quired candidates to send and receive 
typical exchanges between amateurs, as 
in real-life contacts, including mixed text 
and figures and the use of regularly used 
abbreviations, Q-codes and procedural 
signals. 

This style of test has proved so suc- 
cessful in preparing Novices to go on the 
air that it will also be used for the full 
12 w.p.m. test as from 1 January 1993. 
Those who have been studying for the 
old test can still take it until 31 March 
1993 but after that the new test will be- 
come compulsory. 

Under the old system, many successful 
candidates were hardly better prepared to 
use Morse on the air than when they 
began to learn the code and, not surpris- 
ingly, most picked up their microphones 
and forgot all about Morse as soon as 
they got their licence. It is hoped that the 
new-style test will encourage more new- 
comers to try the code since they will at 
least be familiar with the basics of CW 
communication when they first get their 
licence. 

As reported previously, it is not ab- 
solutely necessary to learn Morse to be- 
come a radio amateur. The ‘’B” licence, 
whether Full or Novice, permits opera- 
tion on the v.h.f. and u.h.f. bands with- 
out a Morse test and this is a popular 
way of coming into the hobby. This ap- 
proach leaves open the option of taking 
the test later to extend operation into the 
h.f. bands. 


BUY BUT DON’T USE! 

Radio scanners are increasing in 
popularity, providing reception over v.h.f. 
and u.h.f. frequencies together with 
control facilities well beyond those of 
older-style shortwave receivers. World 
band radios have some of the facilities of 
scanners and between them these 
two types of microprocessor equipped 
receiver provide an impressive means of 
listening to the entire spectrum of radio 
transmissions while some scanners are 
now available which cover the whole 
range in one set. 

However, while such sets may be 
legally purchased by the general public, it 
is not lega/to listen to everything that can 
be heard on them. Anyone can listen to 
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licensed radio broadcast stations, to radio 
amateurs and standard frequency trans- 
missions but licenses, mostly not avail- 
able to the public, are required to listen to 
other transmissions. 

It seems to be a feature of the law in 
this country that while certain things may 
not be done legally, it is perfectly legal to 
obtain the means of doing them. Before 
CB was legalised there was no problem 
in obtaining illegal rigs. 

Surveillance bugs are widely adver- 
tised today even though licences can- 
not be obtained for them. Non-BABT 
approved modems and other telephone 
equipment can be bought although it is 
not legal to use them, and there are many 
situations where the good citizen can be 
quite unaware that the use of the latest 
“goodie” he has just purchased could 
put him on the wrong side of the law. 


NEW BOOK 

These musings have been brought on 
by the publication of a new book by the 
prolific lan Poole who has produced 
an excellent introduction to yet another 
aspect of hobby radio. An /ntroduction to 
Scanners and Scanning covers the whole 
gamut of this activity although the author 
does make a point of referring to the legal 
position in the first chapter, including the 
fact that prosecutions have taken place 
for illegal listening. 

For those thinking of obtaining a scan- 
ner or a world band radio this handy 
book (152 pages, 178mm + 108mm) 
will tell them about radio waves and how 
they travel; the types of transmissions 
they will be able to hear legally, and what 
they may not listen to without a licence; 
what facilities they will find on a typical 
scanner; what specifications to look for 
when choosing a set; and aerials suitable 
for different ranges of frequency. 

There are some _ useful notes on 
listening to broadcast stations on the 
long, medium, shortwave and v.h-f. 
bands. A chapter on amateur radio 
provides a helpful summary of amateur 
activities from h.f. to u.h.f. plus some 
notes on procedure and jargon which 
will help a newcomer make sense of what 
he hears. 

A similar chapter provides information 
about Citizen’s Band Radio, including its 
background, informal procedures, and 
frequency bands. | was surprised to note 
that a CB licence is required to /isten to 
CB transmissions. Three useful appen- 
dices provide a glossary of receiver ter- 
minology; a list of ITU callsign prefix 
allocations; and an amateur prefix list. 

Covering a wide range of subjects 
and containing a lot of factual informa- 
tion, this book provides a helpful in- 
troduction to both world band listen- 
ing and scanning over the v.h.f. and 










u.h.f. range. Its style makes it particularly 
suitable for the beginner and it will also 
provide a useful reference facility for the 
more experienced. Written by |.D. Poole, 
G3YWxX, the book is published by Ber- 
nard Babani (publishing) Ltd at £4.95, 
and is obtainable from the FPE Direct 
Book Service, code BP311. 

Incidentally, a Radiocommunications 
Agency Information Sheet, AA 769 
Receive Only — Scanners etc, provides 
official advice on scanner use. This can 
be obtained free of charge by telephon- 
ing 077-215 2072 (24-hour answer- 
phone service). 


NO AMATEUR! 

A specific example of illegal listening 
on legal equipment occurred recently in 
the case of the “radio ham” who re- 
corded a cellular telephone conversa- 
tion allegedly involving a member of the 
Royal Family, and sold the recording to a 
popular newspaper. 

This was another of those instances, 
which | mentioned last month, when the 
term “ham” is applied indiscriminately by 
the press to anyone interested in radio 
whether they are licensed radio amateurs 
or not; and on this occasion there were 


some very critical remarks about radio 


amateurs in some of the papers together 
with ill-informed assumptions about ac- 
tivities outside the terms of the amateur 
licence. 

It appears however that the person 
who made the recording was not a 
licensed amateur at all but a shortwave 
listener who at one time operated on CB 
before giving it up because he didn't like 
the language he heard. 

The W5Y/ Report, an amateur radio 
newsletter published in the USA, tele- 
phoned this person who, according to 
their report, acknowledged that he had 
made the recording on January 4, 1990. 
He said that the 23 minute tape, sub- 
sequently heard by thousands of callers 
to a British Telecom 0898 number, was 
really two tapes spliced together to make 
One conversation. The other part was 
from a phone call intercepted by “a lady” 
on New Year's Day 1989. He knew that 
the recording was illegal and the paper 
had gone back on their agreement with 
him not to release his name. 

It seems a pity that amateur radio, with 
its great tradition and background of 
public service, should have become in- 
volved in all this. At a recent Strategy 
Conference the Radio Society of Great 
Britain received a recommendation that it 
should adopt a professional approach 
to public relations. If it did that, per- 
haps there would be fewer inaccurate 
and harmful references in the media to 
amateur radio and to what it actually 
does. 
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WITH DECEMBER 1992 
a | ay a é Cc S Pages Issue Pages /ssue 
1-72 January 401-472 July 
73-128 February 473-544 August 
129-192 March 545-608 September 
raass 257-328 May 681-760 November 
The No1 Magazine for Electronic & Computer Projects 329-400 June 761-848 | December 
VOLUME 21 INDEX a NEXT MONTH 
CONSTRUCTIONAL PROJECTS 
ALARM, GAS 484 LAPEL BADGE 86 
ALARM, MICRO-SENSE 18 LCD ULTRASONIC TAPE MEASURE by John Becker —- 556 
ALARM, VEHICLE WATCHDOG 342 LEAD TESTER, MIDI 792 
ALARM, VIBRATION 742 L.E.D. TIE PULSER 370 
ALPHA WAVE PROGRAMMER 42 L.E.D. VOLTMETER 810 
ALTIMETER, EPE by John Becker 694 LIGHT, AUTO GARAGE 154 
AMPLIFIER, CAMCORDER HEADPHONE 272 LIGHT BACKUP, BICYCLE 170 
AMPLIFIER, CLASS-A HEADPHONE 412 LIGHT BOX, ARTWORK 532 
AMPLIFIER, PERSONAL STEREO 720 LIGHT, EMERGENCY PLUG. 138 
AMPLIFIER, VERSATILE AUDIO 232 LIGHTHOUSE, BISHOP ROCK MODEL 55 
ARTWORK LIGHT BOX by Alan Winstanley 532 LIGHTING UNIT, SOLAR POWERED 510 
AUDIO AMPLIFIER by Pau/ Henderson 232 LIGHTS COLOUR SPECTRUM, CHRISTMAS 822 
AUDIO TELESCOPE by Robert Penfold 202 LIGHTS, MODEL TRAFFIC 636 
AUTO GARAGE LIGHT by A. A. Winstanley 154 LIGHTS-ON WARNING by T. R. de Vaux-Balbirnie 662 
AUTO MELODY by M. P Horsey 116 LOUDSPEAKER ENCLOSURE, BASS SUB-WOOFER _— 5522 
AUTO-SWITCH ADD-ON by Key TJay/or 838 MAINS SWITCH 216 
BADGE, LAPEL 86 MELODY MAKER, AUTO 116 
BARGRAPH VOLTMETER 108 METRONOME, DUAL 492, 582 
BASS SUB-WOOFER 522 MICRO-SENSE ALARM by Jason Sharpe 18 
BATTERY MONITOR 108 MIDI LEAD TESTER by Robert Penfold 792 
BATTERY-TO-MAINS INVERTER DAUGHTER BOARD MIND MACHINE PROGRAMMER 42 
by Mark Daniels 718, 797 MINI LAB by Alan Winstanley & Keith Dye 736, 810 
BBC INTERFACE Mark Stuart 176 MODEL RAILWAY AUTOMATIC SIGNAL 
BIOFEEDBACK PROGRAMMER 42 by Stuart Dando 558 
BISHOP ROACK LIGHTHOUSE, MODEL 55 MODEL SERIES, SIMPLE 55 
CAMCORDER HEADPHONE AMPLIFIER Chris Brown 272 MOTOR DRIVER, STEPPER/INTERFACE 34 
CAPACITANCE METER 620 NIGHTLIGHT, SOUND OPERATED 568 
CAR BATTERY MONITOR 108 PERSONAL STEREO AMPLIFIER by/. A. Duncombe —- 720 
CAR DUMMY ALARM 342 PHONE RINGER, STAGE 239 
CAR LIGHTS-ON WARNING 662 PLUG LIGHT, EMERGENCY 138 
CAR SCREENWASHER BOTTLE MONITOR 580 POWER SUPPLY, 5V to 15V SWITCH-MODE 355 
CCD REVERB UNIT by Robert Penfold _, 338 PROGRAMMABLE TIMER Stephen Holland 100, 236, 288 
CHARGE STATE MONITOR by T. R. de Vaux- Balbirnie 108 PROGRAMMER, MIND MACHINE 42 
CHECKER, TRANSISTOR 12 PROGRAMMER, QUICK TEST 418 
CHRISTMAS LIGHTS COLOUR SPECTRUM 
by Mark Daniels 822 QUICK PROM by John Becker 418 
CLASS-A HEADPHONE AMPLIFIER by P Henderson = 412 RTGS ety Maik Sales mae das 
COMBINATION SWITCH by Max Horsey 814 RAILWAY AUTOMATIC SIGNALLING, MODEL 588 
CONTINUITY TESTER 596, 724 REACTION TIMER by TJ. R.. de Vaux-Balbirnie 710 
CONTINUITY TESTER, SONIC 206 RECHARGEABLE TORCH 138 
CRICKET GAME by Steve Knight 443 REMOTE CONTROL, UNIVERSAL INFRA-RED 774 
CYCLE LIGHT BACK-UP by T. R. de Vaux-Balbirnie 170 REVERBATION UNIT, CCD 338 
DEMONSTRATION BOARD 736, 810 ROBOTEER Meter aye ue 
DRILL CHARGER/PSU, 12V 314 SERVO INTERFACE, DIGITAL 382 
DUAL METRONOME by A. ™. Worthington 492, 582 SOLAR POWERED LIGHTING UNIT 
EASY SWITCH by 7. &. de Vaux-Balbirnie 216° by T. R. de Vaux-Balbirnie 510 
ECHO UNIT 338 SONIC CONTINUITY TESTER by Mark Daniels 206 
ECONOMY SEVEN TIMER by Chris Brown 142, 236 SOUND OPERATED NIGHTLIGHT by Eleanor Maitland 568 
EMERGENCY PLUG-LIGHT dy /vor Sadler 118 SPECTRA-LITE by Chris Walker 86 
EXPERIMENTAL WEIGHING SCALE by Chris Walker 266 SPINNING HEART by Aafe Aldridge 98 
EXTENDED RANGE CAPACITANCE METER STAGE TELEPHONE RINGER 239 
by Steve Knight 620 STEPPER MOTOR DRIVER/INTERFACE by Mark Stuart 34 
STEREO AMPLIFIER, PERSONAL 720 
aE a OeKOUL ah STRAIN GAUGE WEIGHING SCALE 266 
GARAGE LIGHT, AUTO 152 SUB-WOOFER by Paul Henderson 522 
GARDEN HOSEPIPE CONTROLLER SWITCH, ADD-ON, AUTO 838 
by T. R. de Vaux-Balbirnie 154 iit Reait Sopa ta il a 
SWITCH, EASY 216 
are Ey ORES artOns sa SWITCH-MODE POWER SUPPLY by Steve Knight 355 
HEADPHONE CLASS-A AMPLIFIER 412 SWITCH, WHISTLE 640 
EE eee heen ele ber ate TAPE MEASURE, LCD ULTRASONIC 556 
INFRA-RED REMOTE CONTROL, UNIVERSAL 774 TEACH-IN ‘93 MINI LAB 736, 810 
INTERCOM, VERSATILE 646 TELEPHONE RINGER by Chris Walker 239 
INTERFACE, BBC 176 TELESCOPE, AUDIO 202 
INTERFACE, DIGITAL SERVO 382 TELESOUND by Gary Calland 82 
INTERFACE, QUICK PROM 418 TESTER, MIDI LEAD 792 
INTERFACE/STEPPER MOTOR DRIVER 34 TESTER, SONIC CONTINUITY 206 
IT’S A KNOCKOUT GAME by Roy Bebbington 280 TIE PULSER Max Horsey 370 
INVERTER DAUGHTER BOARD, BATTERY-TO-MAINS 718, 797 TIMER, ECONOMY SEVEN 142, 236 
Everyday with Practical Electronics, December 1992 843 








TIMER, PROGRAMMABLE 





100, 236, 288 VERSATILE INTERCOM by /. A. Duncombe 646 
TIMER, REACTION 710 VIBRATION ALARM by ™. G. Argent 742 
TIMER, UV EXPOSURE 437 VOLTMETER, BARGRAPH 108 
TRAFFIC LIGHT SYSTEM by /. Hewes 636 VOLTMETER, L.E.D. | 810 
TRANSISTOR CHECKER Knigh 12 
mde palabra ee eet cette WASHER BOTTLE by A/an Winstanley 580 
UNIVERSAL INFRA-RED REMOTE CONTROL WEIGHING SCALE, EXPERIMENTAL 266 
by Chris Walker 774 WHISTLE SWITCH by Steven Holland 640 
ULTRASONIC TAPE MEASURE, LCD 556 5V to 15V SWITCH-MODE POWER SUPPLY 355 
UV EXPOSURE TIMER by Alan Winstanley 437 8-CHANNEL SERIAL PORT INTERFACE 382 
VALENTINE’S DAY HEART 98 12V DRILL CHARGER/PSU by Mark Daniels 314 
VEHICLE WATCHDOG by Chris Walker 342 80 WATT AUDIO AMPLIFIER 232 
SPECIAL SERIES 
ACTUALLY DOING IT by Robert Penfold Telesound Baby Monitor 286 
106, 174, 244, 306, 368, 450, 500, 584, 634, 740, 798 Timer Software 627 
ALTERNATIVE ENERGY by 7. A. de Vaux- Balbirnie Versatile Power Supply 423 
504, 562, 628, 714, 786 Video Signal Booster 627 
1 —Introduction 504 30V Power Supply 744 
2 — Fossil Fuels; Wind P 562 
a insacd owen 508 INFORMATION TECHNOLOGY AND THE NATIONAL 
4 = Power from Water 714 CURRICULUM by J. A. de Vaux-Balbirnie 
5 — Alternative Energy Sources 786 _ 22,92, 146, 210, 274, 426, 516, 574, 628, 656 
AMATEUR RADIO by Tony Smith G4FA/ 3 - Information Storage _ | 22 
61, 119, 168, 238, 324, 396, 468, 540, 604, 676, 756, 842 4- Computers Past and Present; Microelectronics 92 
5 — Microelectronic Experiments 146 
CIRCUIT SURGERY by Mike Tooley 6 — Circuit Symbols and Logic 210 
228, 286, 346, 422, 572, 626, 744, 828 7 - Analogue and Digital Conversion 274 
Analogue-to- Digital Conversion 423 8 — Telecommunications ; 374 
Audio Compressor 744 9 — Logic Systems 426 
Bargraph Display © 973 10 - Computer Monitoring and Communications Systems 516 
Basic Logic Functions 7 424 11 — Problem solving and Feedback 574 
rie a chr ad | =e 12 -—Ohms law and Power Calculations 656 
Fisese 626, 828 50, 90 160, 224, 312, 350, 458, 528, 592, 666, 747, 820 
Go/No-Go Transistor Tester 228, 346 MAGNETIC RECORDING by Vivian Capel 52, 112, 162 
Hints and Tips 828 4 — Head Driver Circuits 52 
Linear Scale Resistance Measurement 286 5 — Recording Tape 112 
mer Cho; roa 6 — Recording Tape 162 
cass Eutraby inicatot 347 MAKING YOUR OWN PCBs 
by Alan Winstanley 289, 363, 433 
Modern Connections | 745 
; 1 — Introducing the P.C.B. (Supplement) 289 
Pin Connections 626 > _ Ultra-Violet P ae Tecnu | 363 
Resistance range Extender 287 3 7 0 ee you owne - oo 433 
Safe Power Supplies 828 Si ee VOUS ee eiae 
SCART Connector 972 SIMPLE MODEL SERIES by Owen Bishop 55 
Signal-tracing Probes 828 
Simple A.M. Tuner | 423 TEACH-IN ‘93 by Alan Winstanley & Keith Dye 726, 800 
Soldering lron Standby Circuit 228 1 — Introduction and the Resistor 726 
Synchronising Engine Speed 422 2 — Alternating Current and the Diode 800 
GENERAL FEATURES 
ABC OF R.1.A.A. by W. F. Harms 380 NEW TECHNOLOGY by /an Poole 784 
ANIMATED CIRCUITS FOR ELECTRONICS NEWS 
by Mike Tooley 166 40, 96, 152, 230, 310, 352, 440, 514, 583, 643, 702, 782 
CROSSWORD/WORDSEARCH by Malcolm Argent 32 iogil a md ror ai bsesaatos aa 
DOWN TO EARTH by George Hylton . Hal A aardlea ‘ ‘ ‘ : 582 
182, 246, 388, 461, 590, 668 Economy Seven Timer — 236 
EDITORIAL 11, 81, 137, 201, 265, 337, 411, 483, 555, 619, 693 ‘MARC System Chip- Encoder 181 
EUROPEAN SHOW REPORT by Barry Fox 28 Programmable Timer 236, 288 
Quicktest | 724 
FOR YOUR ENTERTAINMENT by Barry Fox Inverter — Daughter Board 797 


104, 144, 226, 308, 348, 416, 502, 594, 645 


FOX REPORT by Barry Fox 812 
HOME BASE )y Terry Pinnell | 796 
INSIDE THE MINI DISC by /an Graham 498 
LETTERS 223, 309, 389, 462, 490, 567, 669 


SHOPTALK by David Barrington 
40, 103, 181, 236, 288, 351, 459, 501, 566, 660, 724, 797 


SPECIAL OFFERS AND SERVICES 


ADVERTISERS’ INDEX 
72, 128, 192, 256, 328, 400, 472, 544, 608, 680, 760, 848 


DIRECT BOOK SERVICE 
62, 120, 184, 248, 319, 391, 463, 535, 599, 671, 751, 831 


COMPONENTS CATALOGUE 

(40-page Bull) between 100/101 
COMPONENT CATALOGUE 

(64-page Bull ‘93) between 804/805 
COMPONENTS CATALOGUE 

(Cricklewood ‘92) banded with JAN ‘92 
COMPONENTS CATALOGUE 

(32-page Greenweld Spring ‘92) between 224/225 
COMPONENTS CATALOGUE 

(32-page Greenweld Summer ‘92) between 436/437 
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STRAIN GAUGES by Chris Walker 220 
TOMORROW'S TECHNOLOGY by /an Poole 705 
WORDSEARCH/CROSSWORD 32 
COMPONENT CATALOGUE 
(194-page Greenweld ‘93) banded with NOV ‘92 
COMPONENT CATALOGUE 
(32-page Marco Spring ‘92) between 160/161 
COMPONENT CATALOGUE 
(32-page Marco Summer ‘92) between 508/509 
COMPONENT CATALOGUE 
(32-page Marco Autumn ’92) between 644/645 


MAKING YOUR OWN PCBs (Supplement) 
by Alan Winstanley 289 


PRINTED CIRCUIT BOARD SERVICE 
66, 124, 188, 252, 322, 394, 466, 538, 602, 674, 745, 835 


ELECTRONICS VIDEOS 390, 442, 509, 579, 670, 750, 830 
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DISTANCE LEARNING COURSES 


The National College of Technology offer a range of 
packaged learning short courses for study at home or in 
an industrial training environment which carry national 
BTEC awards. Study can commence at any time and at 
any level enabling you to create a study routine to fit 
around existing commitments. Courses on offer include: 


Analogue Electronics 
Digital Electronics 
Fibre/Optoelectronics 
Programmable Logic Controllers 


Tutor support and BTEC certification are available as 
options with no travelling or college attendance re- 
quired. These very popular courses which are ideal for 
vocational training contain workbooks, audio cassette 
lecturettes, PCB’s, instruments, tools, components and 
leads as necessary to support the theoretical and 
practical training. Whether you are a newcomer to 
electronics or have some experience and simply need 
an update or certification, there is probably a distance 
learning course ready for you. Write or telephone for 


details to: 


National College of Technology 
NCT Ltd., PO Box 11 
Wendover, Bucks 
Tel: (0296) 624270 


VARIABLE VOLTAGE 
TRANSFORMERS 


INPUT 220/240V AC 50/60 
OUTPUT 0-260V 

Price P&P 
0.5KVA 2.5 amp max £29.00 £4.65 
(£39.54 inc VAT) 
1KVA 5 amp max £37.40 £6.25 
(£51.29 inc VAT) 
2KVA 10 amp max £54.00 £7.80 
(£72.62 inc VAT) 
3KVA 15 amp max £71.50 £7.80 
(£93.18 inc VAT) 

5KVA 25 amp max £126.50 
(Plus Carriage) 
Buy direct from the Importers. Keenest prices in the country 

COMPREHENSIVE RANGE OF 


TRANSFORMERS-LT-ISOLATION & AUTO 
(110-240V Auto transfer either cased with American socket and 
mains lead or open frame type. Available for immediate delivery. 


ULTRA VIOLET BLACK LIGHT 
FLOURESCENT TUBES 
4ft 40 watt £12.00 (callers only) (£14.10 inc VAT) 
2ft 20 watt £7.44 + £1.25 p&p (£10.21 inc VAT) 
13in 10 watt £5.80 + 75p p&p (£7.70 inc VAT) 


12in 8 watt £4.80 + 75p p&p (£6.52 inc VAT) 

9in 6 watt £3.96 + 50p p&p (£5.24 inc VAT) 

6in 4 watt £3.96 + 50p p&p (£5.24 inc VAT) 
230V AC BALLAST KIT 


For either 6in, 9in or 12in tubes £5.50+ £1.15 
(£7.81 inc VAT) a 


p&p 
Fort 13in tubes £6.00 + £1.35 p&p 
“uP 64 inc VAT) 
400 WATT UV LA 


Only £38.00 + £4.00 p&p (£49: 35 inc VAT) 
160 WATT SELF BALLASTED BLACK 
LIGHT MERCURY BULB 
Available with B.C. or E.S. fitting. 

Price inc VAT & p&p £25.55 


12V D.C. BILGE PUMPS 
500 GPH 15ft head 3 amp £18.21 
1750 GPH 15ft head 9 amp £31.73 
Also now available: 
24V D.C. 1750 GPH 15ft head 
5 amp £32.90 
All designed to be used submerged. 
PRICES INCLUDE P&P & VAT 


EPROM ERASURE KIT 

Build you own EPROM ERASURE for a fraction of the 

price of a made-up unit kit of parts less case includes 

12in 8 watt 2537 Angst Tube Ballast unit, pair of bi-pin 

leads, neon indicator, on/off switch, safety microswitch and 

circuit £14.00 + £2.00 p& £18.80 inc VAT 

SUPER HY-LIGHT STROBE KIT 
Designed for Disco, Theatrical use etc. 

Approx 16 joules. Adjustable speed £50.00+ £3.00 p&p 
(£62.28 inc VAT) 

Case and reflector £24.00+ £3.00 p&p (£31.73 inc VAT). 

SAE for further details including Hy-Light and in- 

dustrial Strobe Kits. 








TEL: 081-995 1560 


Showroom open 
Monday/Friday 


SERVICE TRADING CO 


57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB 
ACCOUNT CUSTOMERS MIN. ORDER £10 









‘“‘BOFFINS SPECIAL“ — 
UNIQUE OFFER 


Surplus Precision Medical Unit, internally in excel- 
lent condition. Desigried primarily to eject a precise 
controllable amount of fluid from a medical syringe 
(latter not supplied). Contains the following remov- 
able components: Dual Micro Processor Boards and 
EPROMS. Escap Precision 12V DC Motor with 
300:1 Gear Box and optical encoder coupled to a 
precision threaded drive mechanism. Mains supply 
with 6 x 1.5V Ni-Cad A.A. cells back-up. L.C.D. 
Digital read-out 17mm high with legends. Audible 
warning. 
These are sold for the dismantling of the exceptional 
quality components. Regret no Circuits available. 
Ridiculously low price: £16.00 + £4.00 p&p 

£23.50 incl VAT). 


WIDE RANGE OF XENON FLASHTUBES 


Write/Phone your enquiries 


12V D.C. GEARED MOTOR 
12V D.C Reversible precision-built Motor Output 
speeds no load approx. 12V-26 rpm; 9V-20 rpm; 6V-12 
rpm. Will work at lower voltages and still retain a 
reasonable torque. Ideal for robotics etc. Size: L. 
40mm. W. 29 mm. H. an Shaft: 3mm dia x 10mm 
long. Price: £8.00 + 50p p&p (£10.00 inc. VAT) 
TORIN CENTRIFUGAL BLOWER 

230V AC, 2,800 RPM, 0.9 amp, 130mm diameter, im- 
pellor outlet 63 x 37mm, overall size 195 x 160 x 
150mm. long. Price £17.50 + £2.50 p&p (£23.50 inc. 


VAT) 

SOLID STATE RELAY 
7 amp (a 240V. A.C. when mounted on suitable Heat- 
sink. Can be driven from T.T.L. or Computer output be- 
tween 3-10V D.C. Size: 24mm x 17mm x 15mm high. 
Fixing centres 30mm (TO-3). Price: £3.00 +40p p&p 
(£4.00 inc. VAT) 

GEARED MOTORS 
71 RPM 20lb inch torque reversable 115V AC in- 
put including capacitor and transformer for 240V AC 
operation. Price inc VAT & p&p £27.73. 


SOLID STATE EHT UNIT 
Input 230/240V AC, Output approx 15KV. 
Producing 10mm spark. Built-in 10 sec timer. 
Easily modified for 20 sec, 30 sec to continuous. 
Designed for boiler ignition. Dozens of uses in the 
field of physics and electronics, eg supplying neon 
or argon tubes etc. Price less case £8.50 + £2.40 
p&p (£12.81 inc VAT) NMS 


SAVE POUNDS!!! 


Build your own forged bank note detector. Can 
detect counterfeits amongst a quantity of notes. 
Complete kit of parts less case. 240V a.c., includ- 

ing 6” pV black light tube, starter and holder, a pair, 
b1-pin tube holders. Total price including p&p & 
VAT only £13.06. 





















RHEOSTAT 
50W 2 ohm 5 amp ceramic power rheostat. price inc 
VAT & p&p £10.61 
MICROSWITCH 
Pye 15 amp changeover lever microswitch, type S171. 
Brand new. price 5 for £7.05 inc VAT & p&p 


ae 
VISA 
eae 


Ample 


FAX: 081-995 0549 
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Parking Space 


OMNI ELECTRONICS 


174 Dalkeith Road, Edinburgh EH16 5DX * 031 667 2611 






















The supplier to use if you re looking 
















* FRIENDLY SERVICE x 












OPEN: 
Monday-Thursday 9.15 - 6.00 
Friday 9.15-5.00 
Saturday 9.30-5.00 





TRANSFORMERS FROM 


a IN 172 


The UK Distributor for 
Standard Toroidal Transformers 
* 106 types available from stock 
* Sizes from 15VA to 625VA 


STEEL DISHED 
WASHER 


OUTER 
INSULATION 


NEOPRENE 


SECONDARY WASHERS 


WINDING 
INSULATION 


PRIMARY 
WINDING 


Write or phone for free Data Pack 


Jaytee Electronic Services 


143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL 
Telephone: (0227) 375254 
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CLASSIFIED 









Everyday with Practical Electronics reaches twice 
as many UK readers as any other independent 
monthly hobby electronics magazine, our audited 
ABC sales figures prove it. We have been the 
leading independent monthly magazine in this 
market for the last seven years 


If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi- 
display pages offer the best value. The prepaid rate for semi-display space is £8 (+ VAT) per single column centimetre (mini- 
mum 2.5cm). The prepaid rate for classified adverts is 30p (+ VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday with Practical Electronics. VAT must be added. Advertise- 
ments, together with remittance, should be sent to the Classified Advertisement Dept., Everyday with Practical Electronics, 
6 Church Street, Wimborne, Dorset BH21 1JH. Tel: (0202) 881749. 


For rates and information on display advertisements (‘sth page and larger spaces) please contact our Advertisement Manager, 


Peter Mew on 0255 850596. 


SERVICE 
MANUALS 


Available for Most 
Equipment 
TV, Video, Audio, Test etc 
Any Age, Make or Model 





Write or Phone for Quotation 


MAURITRON (EE) 


8 Cherry Tree Road 
Chinnor, Oxfordshire © 
ee =6OX94QY 
ag 


Tel: (0844) 351694 
Fax: (0844) 352554 











PC TECHNICAL SHAREWARE 


Would you like to see the best range of low cost technical and 
eclontilic public domain & shareware for IBM PC in the UK? 
HUGE RANGE includes: - PACKET, FAX, RX/TX control, 
PCB design, Circuit and ANTENNA analysis, QSO logging, 
CAD ELECTRONIC & MECH engineering, SCIENTIFIC, MATHS 
& STATS, MEDICAL, PROGRAMMING, SOURCE CODE, DATA, 

EDUCATION, WINDOWS, BUSINESS and lots more 


Write, phone or fax today for your free 124 page printed catalogue 
. . 7 
ee The Public Domain Software Library 1? | 
Winscombe House, Beacon Road fA ot Serene 


ead Crowborough, Sussex TN6 1UL 
wee 
















Tel 0892 663298, Fax 0892 667473 







Contact 


HST for all yourcomp” xnt needs. 
Send for your free c..‘alogue and 
details of special offers. 


HST Ltd 


Technology House 
Prospect Road, Carlton 
Nottingham NG4 6LA 
Tel: 0602 587225. Fax: 0602 484530 
















RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY 


1 to 24 volts up to % amp. 1 to 20 volts up to 1 amp. 1 to 16 volts up to 1% 
amps d.c. Fully stabilised. Twin panel meters for instant voltage and cur- 













rent readings. Overload protection inc 
Fully variable. Se MRARLE RA £45 VAT 
Operates from 





240V a.c. 
Compact Unit. ee 
Size 9x 5% x 3in. ~® _— ee 

NEW MODEL. Up to 38volts dic. at 6 amps. 10 amps peak. Fully variable 
Twin panel meters. Size 14% x 11 x 4’%%in. £96 inc VAT. Carr £6. 


RADIO COMPONENT SPECIALISTS 


337 WHITEHORSE ROAD, CROYDON 
SURREY, U.K. Tel: 081-684 1665 


List, Large SAE. Delivery 7 days. Callers welcome. Closed Wednesday 


+Postand 

















BTEC ELECTRONICS 
TECHNICIAN 
FULL-TIME TRAINING 


THOSE ELIGIBLE CAN APPLY FOR E.T. GRANT SUPPORT 
AN EQUAL OPPORTUNITIES PROGRAMME 


O.N.C., O.N.D. and H.N.C. 


Next course commences 


Monday 11th January 1993 
FULL PROSPECTUS FROM 


Wo} Toke) ham tons -fe) ersneve) Mm 4c} = 
(Dept EE) 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: 071-373 8721 


N. R. BARDWELL LTD (EE) 









200 Signal diodes 1N4148.................ccccc cc cececec eee eeeeueees £1.00 
75 Rectifier Diodes 1N4001..........0000cc cece ee eceeeeeeee £1. 
50 Rectifier Diodes 1N4007............0.0ccccccc cc ec ee eceeeeeee £1.00 





56 Rectifier Diodes 1N5401................ ccc eecec ees eceecueees £1.00 
100 Asstd ZeEMePs......... cece ccceccccececceceecececcusuecusens £1.00 
10 NESSS Timer ICS.....00.. 0... ccc cceceecssceeccecetaceensseeees £1.00 
8 C106D 400V 6 amp thyristors...................cccceeeeeeees £1.00 
8 BFY51 Transistors..................cccecceccecceeceececeseeeueees £1.00 
30 BC478 Transistors..................ccccececceceececcececeeeeeeace £1.00 
30 MPSA42 Darlington Transistors.......................0005 £1.00 
50 Rectangular red 1.€.04.8...............cccccecceceeeeceeceeeecees £1.00 
25 Asstd. high brightness 1.€.d.S...................ccceceeee eee £1.00 
















24 Miniature red |.e.d.s 3mm dia....................ccccee eee £1.00 
Asstd. seven segment displays......................:00068 : 
30 Asstd. I.F. transformers.....................cccccceeeeceeeeeees £1.00 
48 Asstd. coil formers................ccc cece ccc ccceccecnececeeceeees £1.00 
100 Asstd. RF chokes (inductors)....................cccccseceees £1.00 
30 Asstd connectors edge-dil-sil etc...............0000.000.. £1.00 
10 4P 3W MBB min. rotary switches....................0..... £1.00 
20 1inch Glass reed switches....................ccccceceeeee ees £1.00 
20 Magnetic ear pips plus lead & plug...................... £1.00 
20 Min SP/CO slide switches.......................cccccceeee eee £1.00 
30. Asstd. dil sockets up to 40 pin....................cce cece eee £1.00 
20 24-way turned pin I.C. sockets..........00.... eee £1.00 
16 40pind.i.l. wire wrap I.C. sockets................0.0.000. £1.00 
2 ORP 12 light dependant resistors......................... £1.00 
200 Printed circuit board 20mm fuse clips.................. £1.00 
200 Asstd. disc ceramic capacitors.....................0.00065 £1.00 
80 Asstd. capacitors 1nf to 1Uf...............c cece ccc eee eee eeee £1.00 
80 Asstd electrolytic capacitors....................ccccceee eee £1.00 
80 4.7UF 16V Radial electrolytics ..............0000000.000... £1.00 
75 4.7UF 63V Radial electrolytics ..............0..00c..cceee £1.00 
80 10UF 16V Radial electrolytics.................00.0.0000.... £1.00 
50 10UF 50V Radial electrolytics ..........................0085 £1.00 
80 22UF 25V Radial electrolytics.....................ccceeee £1.00 
60 33UF 16V Radial electrolytics ..................cccccccceees £1.00 
50 47UF 50V Radial electrolytics......................ccceeee ee £1.00 
80 100UF 10V Radial eletrolytics......................cccccee £1.00 
50 220UF 16V Radial electrolytics......................c0c008 £1.00 
60 470UF 10V Radial electrolytics.........................000- £1.00 
40 1000UF 10V Radial electrolytics........................... £1.00 
12 1000UF 25V Axial electroltics..............0.... cece £1.00 
1 1 Farad 5.5V memory back up capacitor.............. £1.00 
1 Peltier effect heat puMpP................... ccc cceeceeeeeeee ees £1.95 






1 10 watt Stereo amplifier, 4 controls plus data...... £2.95 
Prices include VAT, postage £1.25. Stamp for Lists 


288 Abbeydale Road, Sheffield S7 1FL 
Phone (0742) 552886. Fax (0742) 500689 


2x7 Watt amplifier 


built, on 65x40mm PCB, needs only 

+12V with stereo tape head, pre-amp, 

micro switch, two 100K sliders and 12V 
motor, all from car stereo, for only 


£3.50 each incl. P&P, VAT & Data 
S. 16 Hawbank Road 
ARUNUA Lid. East Kilbride 
03552 27080 Glasgow G74 5HA 
NEW VHF MICROTRANSMITTER KIT 


Tuneable 80-135MHz, 500 metre range, sensitive 
electret microphone, high quality PCB. 
SPECIAL OFFER complete kit ONLY £5.95 
Assembled and ready to use £9.95 post free. 
Credit card orders telephone 021 411 1821. Fax 021 411 2355 
Send 2x1st class stamps for Catalogue. Cheques/P.O.s payable to: 
K ELECTRO 
Kits Dept. (EE), 3 Houldey Road, West Heath, 
Birmingham B31 3HL 
SHOP NOW OPEN - CALLERS WELCOME 



































STUDY ELECTRONICS ON A PC 


Over 80 fully interactive, menu driven, 
graphics screens, containing charts, 
graphs, circuit diagrams, formulae and 
theory. With user inputs and calculated 
outputs. Covers subjects from electron 
flow, through analysis of AC and DC 
circuits, to semi-conductors. 


€39.95 + £2.00 P&P 
Credit Card orders 0376 514008 
SAE for details: 

E.P.T. Educational Software 
Pump House, Lockram Lane 
Witham, Essex CM8 2BJ 


















Semiconductor Clearance 


Z80-CPU £0.59, 27C256 £1.37, LM334Z £0.49 
8085AHC £1.33, 6522 £1.43, NE531 £0.79, etc 


Workshop reorganisation enables us to offer a limited quantity 

of unused stock at an unrepeatable fraction of the normal 

prices. All components are 100% no-quibble guaranteed. 

1000's of semi’s: Microprocessor logic, linear, discretes, 
hardware, etc. SAE for free extensive lists. 


Profile Electronics (EPE), 100-102 Woodhouse 


Rd, Leytonstone, London E11 3NA 
Min. order £10. Please add £2.50 P&P plus VAT at current rate 
10% Educational Discount on all official orders 












Miscellaneous 


G.C.S.E. ELECTRONICS KITS at pocket 
money prices. S.A.E. for FREE catalogue. 
SIR-KIT ELECTRONICS, 70 Oxford Road, 
Clacton CO15 3TE. 

PROTOTYPE PRINTED CIRCUIT BOARDS 
one offs and quantities, for details send s.a.e. 
to B. M. Ansbro, 38 Poynings Drive, Sussex 
BN3 8GR, or phone Brighton 720203. 

AVO 8 Multimeter with leads and batteries for 
sale. Good condition, £35. Tel 0543 450437. 
OUTDOORS electronic photo-electric control 
unit for switching mains lights on at dusk, off 
at dawn. 5A rating, £15.40. Taytronics, 8 Park 
Avenue, Markfield, Leicestershire LE67 9WA. 
THE HOMEBUILT DYNAMO (Plans). 
Reviewed 1989 in PE January and Model 
Engineer December 15th. Price £42 post paid 
airmail from Alfred Forbes, PO Box 3919, 
Auckland, New Zealand. Tel (09) 818-8967. | 
HUNDREDS of unusual items cheap! Send 90p 
(coins/stamps) for interesting samples and list. 
Grimsby Electronics, Lambert Road, Grimsby. 
WANTED person with knowledge of digital elec- 
tronics to assist in design of Ram based data 
logging system for recording engine RPM. Tel 
Paul on 0454 314157. 

OMRON optical and magnetic transducers for 
sale. Bought for robotics project. Price new £600, 
sell for £100 ono. Tel (0752) 269646. 

LOGIC ANALYSER! Turn your PC compatible 
into a powerful logic analyser. Full graphics dis- 
play, max 16 channels, 4 combinational triggers, 
auto calibration. Excelent value includes 8 input 
lead with probes. Send £29.99 to J. P. Shay, Dept 
EPE, 211 Ainsworth Rd, Radcliffe, Manchester 
M26 OEE or sae for details. 
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MAKE YOUR INTERESTS PAY! 


Over the past 100 years more than 10 million students throughout the world have found 
it worth their while! An ICS home-study course can help you get a better job, make more 
money and have more fun out of life! ICS has over 100 years experience in home-study 
courses and is the largest correspondence school in the world. You learn at your own 
pace, when and where you want under the guidance of expert ‘personal’ tutors. Find out 
how we can help YOU. Post or phone today for FREE INFORMATION on the course of your 
choice. (Tick one box only!) 


TV, Video & 
Electronics [| Hi-Fi Servicing 






































Basic Electronic C Refrigeration & ] 
Engineering (City & Guilds) Air Conditioning 

Electrical Engineering ||| Car Mechanics [] 
Electrical Contracting / F] Computer | O 
installation Programming 


GCSE/GCE/SCE over 40 examination subjects to choose from 





Address 











International Correspondence Schools Dept ECS C2 
312/314 High Street, Sutton, Surrey SM1 1PR or 041-221 7373 (24 hours). 





Cromwell Chambers, 8 St. Johns Street, 
Huntingdon, Cambs. PE18 6DD 


Tel: (0480) 433156 
Fax: (0480) 214488 


SYSTEM CONSULTANCY 
Replacement Parts 
Supply of Service & 


TEST EQUIPMENT 
Supply 

Maintenance 
Commissioning Operators Manuals 
Components 


Distributors for: 
WAUGH INSTRUMENTS, RAMTEST LTD., KRENZ ELECTRONICS, PANTHER 


COMPONENTS 
For TV * Video 
ANUre tome. au Grolan) elenicy 


WE CAN SUPPLY A VAST RANGE OF SPARES for many 
makes of TV, Video, Computer & Audio Equipment. WRITE 
(Encl. s.a.e. please) or PHONE 


FORA PRICE & AVAILABILITY’ HUE SP aeYAiLoLeR) 


AMSTRAD VCR4600/4700/5200 COMPUTER SPARES 


FISHER FVHP905/906/908 : AMSTRAD/SINCLAIR ATARI 
JVC . . 40028 G. Array £24.54 CO25913 DMA (ST) 
Large range of Pinch Rollers, Idlers, PCW 9512 Serv. Manual£15.76 User Manual (STFM) 
Heads, etc., from stock. £7. PC900V/H11L3 (ST) 
SERVICE MANUALS 
FIDELITY 2ZX3000 Chassis 
PHILIPS CST427/428 
TOSHIBA STU2/L Tuner 
SEMICONDUCTORS 


VIDEO BELT KITS 


ROM Basic (XE/L) : 

THERMISTOR (ST-PSU). .£1.37 

PC713V (STE-PSU) .94 

2SC2331 (ST-PSU) 
COMMODORE 

17.7344MHz Xtal 

C64C User Manual 

C64 User Manual 


UPC1378H Spec. + 2ROM : 
C64/C Service Manual. .£15.00 


UPC1397C : Spec./QL Modulator 
UPD8039LC.£12.39 | Spec. 48K Speaker 
Spec. 48K Membrane 
+/128K Membrane 
QL Membrane 

PHILIPS (CM8833) 


27C256-200...£2.95 
OTHER ITEMS 
SHARP RGF281/4 Main belt £1.40 
FIDELITY 14”°/16”"/20" General Service Manual — Mk 1.... 
LOPTX (+ PCB) Line O/P TX — Mk 1 
This is just a very small sample of our stock. | !C-TDA3505 


906114-01 PLA 
251641-02 PLA £ 
MB81416-12 DRAM (C16) £4. 


MARAPET (EEM) 
1 HORNBEAM MEWS 
GLOUCESTER Gi2 OUE 


Order by Post or Phone. We accept payment Say 
by VISA, ACCESS, DELTA, SWITCH, Cheque | 

or P.O. Post & Packing is £1.20. No VAT to 

add on. 

All items subject to availability. 

Prices can change without notice. 


Technical Information Services 
76 CHURCH STREET, LARKHALL, LANARKSHIRE, ML9 1HE 


Tel. (0698) 884585 Mon-Fri 8.30am - 5.00pm 
Tel. (0698) 883334 Outwith business hours 7 


FAX facility available all day on both lines 
' Write now with an SAE for your 
FREE QUOTE FREE VOUCHERS & FREE CATALOGUE 


Remember, not only do we have EVERY service sheet ever produced, 
but we also have 


THE WORLDS LARGEST COLLECTION OF 


SERVICE MANUALS 


& WE ARE SOLE SUPPLIERS OF VARIOUS FAULT-FINDING GUIDES 
REPAIR MANUALS & TECHNICAL MANUALS 


CTV, Video, CD, Hi-Fi, Camcorder, Satellites, Computers, Domestic Equip’, ..etc. 
DATA REFERENCE MANUAL “.....essential for the serious electrician” 


FREE updating and a 10% discount voucher only £5.95 
Incorporates Unique Model identification and Chassis Data 


Everyday with Practical Electronics, December 1992 


LEDs 3mm or 5mm red or green 6p each, yellow 
11p each. High intensity red, green or yellow, 
5mm 30p each. 

Cable ties 1p each, £5.95 per 1000, £49.50 per 
10,000. 

Steping motor 4 phase 12V 7.5’ step 


SAA1027 stepping motor driver chip 
FM Transmitter kit, good quality sound 


High quality photo resist copper clad epoxy 


glass boards 
Dimensions single sided double sided 
3x4 inches £0.95 £1.07 
4x8 inches £2.40 £2.68 
6x12 inches £5.37 - 
12x12 inches £10.66 - 


Rechargeable Batteries 
AA (HP7) 500mAH 


C 2AH with solder tags 

D 4AH with solder tags 

1/2AA with solder tags 

AAA (HP16) 180mAH 

AA 500mAH with solder tags 

C(HP11) 1.8AH 

D (HP2) 1.2AH 

PP3 8.4V 110mAH 

Sub C with solder tags 

1/3 AA with tags (Philips CTV) 

Standard charger, charges 4 AA cells in 5 hours 
or 4Cs or Ds in 12-14 hours + 1xPP3 (1, 2,30 
4 cells may be charged at a time) £5.95 

High power charger, as above but charges the 
Cs and Ds in 5 hours; AAs, Cs and Ds must be 
charged in 2s or 4s 


Special offers — please check for a 

F cells 32dia x 87mm es 

F cell with solder tags, 1.2V.... . £4.30 

42mm x 16mm dia. 1.2V £1.45 

Stick of 4171mmx 16mm dia., with red & black 
leads 4.8V £5.95 

4 cell battery 94mm x 25mm dia. 

(1/2C cells) 

Computer grade capacitors with screw term 
38000pf 20V £2.50; 87000yf 10V £1.95; 
68000pf 15V £2.95; 10000pf 16V £1.50 

7 segment common anode led display, 


LM2931AT 5.0 low drop out 5V 

regulator T0220 package 
7812 and 7912 12V 1A regulators..£20.00 per 1 
LM337k TO3 case variable regulator 1.60 


‘| BS250 P channel mosfet 45p, BC559 transistor 


per 100 £3.95 
74LS05 hex invertor £10.00 per 1 
Used 8748 Microcontroller £3.50 
SL952 UHF Limiting amplifier LC 16 surface 
mounting package with data sheet : 
£1.25 each; 90p 100 
10p 100+, 6p 1000+ 
TV Mains switch, 4A double pole with momentry 
contacts for remote control, pack of 10 £3.95 
box of 60 £19.95 
DC-DC convertor, Reliability model, V12P5, 12V 
in 5V 200mA out, 300V input to output, Isolation 
with data, £4.95 each or pack of 10 - £39.50 
Hour counter used 7 digit 240V ac 50Hz.....£1.45 
Resistor pack 2500 resistors 1/8-2W 50 differen 
values £8. 





Resistor jumbo pack 25000, 1/4 and 1/2W 
resistors our choice of values and size, will be 
mainly in boxes or rolls of 1000, 2000 and 5000 
of one typ £25.00 

Qwerty keyboard, 58 key good quality eS a 

Qwerty keyboard with serial output, no data 
(used) £6.00 

Polyester capacitors, box type, 22.5mm lead pitch 
1p:f 250V dc 20p each, 15p 100+, 10p 1000 + 
2.2uf 250V dc 30p each, 20p 100 + , 15p 1000 + 
3.3yf 100V dc 30p each, 20p 100 + , 15p 1000 + 

‘uf 50V bipolar electrolytic axial leads, 15p each, 
7.5p 1000 + 

0.22:f 250v polyester axial leads, 15p each, 

100 + 7.5p each 

Philips 123 series solid aluminium axial leads, 
33yf 10V & 2.2uf 40V 40p each, 25p 100 + 

Multilayer AVX cerami capacitors, all 5mm pitch, 
100V 100pf, 150pf, 220pf, 10,000pf (10n) 
10p each, 5p 100+, 3.5p 1000 + 

Welwyn W23 9W 120 ohm 35p each, 20p 100 + 

680 ohm 2W metal film resistor, 4p 100+, 

2p 1000 + 

Solid carbon resistors, very low inductance, ideal 
for RF circuits, 270hm 2W, 680hm 2W 25p each, 
15p each 100+, we have a range of 0.25W, 
0.5w, 1w and 2w solid carbon resistors — please 
send SAE for list 

intelegent 4 digit alphanumeric (5x7 dot 0.145") 
red LED display, 12 pin 0.6 inch wide package, 
Siemens type DLR1414 £2.50 each, £2.00 30+, 
data sheets £1.00 

AMD 27256-3 Eproms £2.00 each, £1.25 100 + 

DIP switch 3PCO 12 pin (ERG SDC-3-023) 60p 
each, 40p 100 + 

ODEMS 


V22/V22bis |BM PC internal full length card 
modem, BT approved, can be set to com 1 or 2, 
1200/2400 baud with software and manual, not 
Hayes compatable, made by Plessey ; 

V32 9600 baud and 4800 baud GEC Plessey 
telecom external modem, model 9632, Hayes 
compatable and BT approved, with auto call, 
auto answer, using V25, V25bis and Hayes AT 
protocols and V54 remote + local diagnostics. It 
does not work on slower speeds, V22/1200 baud 
etc and needs 1 internal dip switch to be 
switched on to select Hayes commands. It comes 
with a 100+ page comprehensive A4 size 
manual. An all together brilliant machine 
for only £199 + VAT = £233.83 


All products advertised are new and 
unused unless otherwise stated. 


Wide range of CMOS TTL 74HC 74F Linear 
Transistors kits, rechargeable batteries, 
capacitors, tools etc. always in stock 


Please add 95p towards P&P 
VAT included in all prices 


JPG ELECTRONICS 


276-278 Chatsworth Road 
Chesterfield S40 2BH 


Access/Visa Orders: 
(0246) 211202 


Callers welcome 





New for 1992 


* New MOSFET Amplifiers 
improved range of SMOS modules 
30W, 30+30W, 60W, 120W 


* 20 watt Class A Amplifier 


* Low profile PCB Transformers 
a range of encapsulated transformers 
AVA, 6VA, 10VA, 18VA, 24VA, 30VA 
Write or phone for data and prices... 


which include details of standard range of 
toroidal transformers and audio modules. 


No price increase for 1992 


Jaytee Electronic Services 


143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL 
Telephone: (0227) 375254. Fax: (0227) 365104 
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PROJECT CASES 
Type Height Price 
PU1 134" (44mm) £18.02 
PU2 3' 2" (88mm) £20.07 
PU3 5'4" (133mm) £22.11 
PU4 7" (178mm) £24.16 
PU6 = 10'2" (266mm) ~—s £28.25 


EQUIPMENT CASES 
Type Height Price 
U1 134” (44mm) £22.33 
U2 3'2" (88mm) £25.85 
U3 5'4" (133mm) £29.38 
U4 7" (178mm) ~—s-£31.72 


Delivery included (UK only). 
All prices include VAT. 
BLANKING PANELS, RACKING CONSOLES 
and RACK CABINETS are also available. 

Please send SAE for details. 

Tel: 0272 373983 for Access/Visa Sales or cheque 
with order to: 















SP1 15 x 5mm Red Leds 

SP2 15 x 5mm Green Leds 

SP3 12 x 5mm Yellow Leds 

SP6 15 x 3mm Red Leds 

SP7 12 x 3mm Green Leds 

SP8 10 x 3mm Yellow Leds 

SP10 100 x 1N4148 diodes 

SP11 30 x 1N4001 diodes 

SP12 30 x 1N4002 diodes 

SP18 20 x BC182transistors 
SP20 20 x BC184 transistors 
SP23 20 x BC549 transistors 
SP25 5 x 555 timers 

SP26 5 x 741 Op-amps 

SP28 6 x Cmos 4011 

SP36 =. 25 x 10/25V radial elect caps. 
SP37 = 20 x _100/40V radial elect caps. 



















































RESISTOR PACKS - 0.25W C.Film 








RP10 





Cheques or P.O. to NO VAT 


Metal detector boards with Data has 
tuner, mode, discriminate, headphone 
jack, on/off volume & push button 
facilities 


OH ONG. sccsscnissnrssndnisamnenrsie rss £6 
100k Lin. Joystick, mech 
Dictaphone cassette, mech/record erase 
playback heads, 6V solenoid, motor, hall 
effect switch 
T.V./Printer stands 
Bicc-Vero Easiwire 
construction kit 
Dot matrix LCD 10x2 lines 
40 characters x 1 line dot matrix LCD 
with data 
2 digit 16 segment VF display 
with data 
4 digit intelligent dot matrix display 
17 segment V.F. display with 
driver board and data 
8 digit liquid crystal display 
4 digit LCD with 7211 driver chip 
Digital clock display 
11 key membrane keypad 
Keyboard 392mm x 180mm/100 
keys on board +LCD + 
74HC05/80C49 easily removable 
19” 3U sub rack enclosures 
12V stepper motor, 48 steps per rev, 
7.3° step angle 
Stepper motor board with 2 slotted 
opto + 2 mercury tilt switches 
1000 mixed % watt 1% resistors 
250 electrolyic axial + radial caps £4.95 ea 
200 off mixed polyester caps £7.95" 
100 Mixed trimmer caps popular values..£4.95" 
100 off Phono plugs 
(red/black/grey) 
50 Mixed terminal blocks 


Cable box UHF modulator/video 
preamp/transformer/R’s + C’s/leads 

1000 off mixed Multilayer 
Ceramic Caps 

Solar cell modules 0.45V 700mA 

B.B.C. Micro to disc drive lead 

Car Burglar alarm vibration auto 
entry/exit delay 

Single zone alarm panel auto 
entry/exit delay housed in 
domestic light socket 

P.C. P.S.U. 50 watt 115-230V input +5V 4A 
+12V 2.5A output with built in fan, IEC inlet 
+ on off £9.95 ea 


19” RACK MOUNTING EQUIPMENT CASES 


This range of 19” rack cases features satin black finished 16SWG (1.5mm) steel front panels (no fixing holes visible), 
with the rear box assembly constructed from 20SWG (.9mm) steel. The standard units are 10" (254mm) deep. 
19" project cases only 4” (101mm) deep and are available in the following popular sizes: 


RACKZPRODUCTS “™ 
PO Box 1402 Mangotsfield, Bristol, England, BS17 3RY 


SHERWOOD ELECTRONICS 
9 Lower Birchwood, Somercotes, Derbyshire DE55 4NG 


£1 Special Packs — select 2 packs FREE for every 10 purchased until 
the end of November 1992. 





RP3 5 each value — total 365 £2.75 
RP7 10 each value — total 730 £4.25 
1000 popular values £5.75 


SHERWOOD ELECTRONICS 


SP42 200 x Mixed 0.25WC.Film resistors 
SP47 5 x Min.push button switches 
SP102 20 x 8pin DIL sockets 

SP103. 15 x 14 pin DIL sockets 

SP104 15 x 16 pin DIL sockets 

SP112 6 x Cmos 4093 

SP113. 12 x 1N5400 diodes 

SP125 10 x 1000uf/16V radial elect caps 
SP129. 5 x 5mmcylindrical Red Leds 
SP130 100. x Mixed 0.5W C.Film resistors 
SP131 2 x TLO71 Op-amps 

SP132 2 x TLO82 Op-amps 

SP133 20 x 1N4004 diodes 

SP134 15 x 1N4007 diodes 

SP135 6 x Miniature slide switches 
SP136 10 x 0A90 diodes 

SP137 4 x W005 1.5A 50V bridge rect. 





1993 Catalogue now available £1 
or FREE with first order over £5 





Piease add £1 P&P to all orders 


STC P.S.U. 240V input 5V 6A output 
(converts to 12V 3A details 


240V input 5V 10A output (converts to 
12V 5A no details) £5.95 eg 
6002 line output transformers.....£1.25 ea 
240V in 0-12V 0.75A out 
transformer 
240V in 0-28V 62VA out transformer. £2.75 
Transformer + PCB gives 2x7.5V 32VA 
with skt for 5 or 12V regulator, will power 
floppy drive £3.75 
Ultrasonic transducers (transmit + 
receive) 
3 to 16V Piezoelectric sounders 


DIL switches PCB MT 3/4/6 way 
5V SPCO SIL reed relay 
5V 2PCO DIL miniature relay 60p, 
12V 2PCO or 4PCO continental relay..60p 
12V 10A PCB MT (to make contact) 
relay 
3 to 12V electro magnetic acoustic 
transducer with data 


3ib Mixed components pack 
25 off mixed relays 
40 off mixed toggle switches 
50 off mixed switches, toggle, rocker, 
slide, micro 
Miniature axial chokes 0.1, 0.18, 0.12, 
0.33, 0.39, 0.15, 1,3.3UH ; 
Op ea., 100 for £7.50 
way IC Skts....£4.95 | 
Crystal Oscillators 10/24/48 MHz....£1 ea, 
Spider Plug Leads 


QUANTITY DISCOUNTS AVAILABLE 
PLEASE RING 
We also buy all forms of electronic 
components, p.s.u’s, disk drives etc. 
Lists to below address. 

ALL PRICES INCLUDE V.A.T. 
PLEASE ADD £2.00 p&p EXCEPT 
ITEMS MARKED* WHICH ARE 50P. 
SAE FOR BULK BUYING LIST 
PAYMENT WITH ORDER TO: 


DY cy eo) a of = ON OU \'/ 0 od ot lm ok Om 
14 Constable Road 
St. Ives, Huntingdon, 
‘OF: 100] ok-m od oil WAL’) oh @) 
Tel/Fax: 0480 300819 



































MAGENTA 
ELECTRONICS 
MAILTECH 


CAMBRIDGE COMP. 
SCIENCE 

CIRKIT DISTRIBUTION 

COMPELEC 


CROTECH INSTRUMENTS 

CR SUPPLY COMPANY 

DISPLAY ELECTRONICS 

ELECTRONIZE DESIGN DESIGNS 

ESR ELECTRONIC COMP 

GREENWELD ELECTRONICS..769 RACKZ PRODUCTS 848 

768 RADIO & TV COMPONENTS...764 

SEETRAX CAE 78 
SERVICE TRADING CO 845 
SHERWOOD ELECTRONICS...848 
SMART HOUSE SYSTEMS 
STEWART OF READING 


MICRO AMPS 
MODERN ELECTRONICS 
MANUAL 


NUMBER ONE SYSTEMS 
OMNI ELECTRONICS 
PENTAGRAM ELECT. 


ICS 

JAYTEE ELECTRONIC 
SERVICES SUMA DESIGNS 762 

JPG ELECTRONICS ~ TECHNICAL INFO. SERVICES. 847 

LABCENTER ELECT 819 


Millions of quality components 
at lowest ever prices! 


Plus Tools, Watches, Fancy Goods, Toys. 
Mail order UK only. 


All inclusive prices — 
NO post, or VAT etc to add on. 
Send 34p stamped self addressed label or 
envelope for catalogue/clearance list. 


At least 2,100 offers to amaze you. 


Brian J Reed 
6 Queensmead Avenue, East Ewell 
Epsom, Surrey KT17 3EQ 
Tel: 081-393 9055 


Carbon Film resistors 4W 5% E24 series 0.51 R to 1OMO 

100 off per value — 75p. even hundreds per value totalling 1000 

Metal Film resistors %4W 10R to 1 MO 5% E12 series — 2p. 1% E24 series 

Mixed metal/carbon film resistors 4W E24 series 1RO to 1OMO 

1 watt mixed metal/Carbon Film 5% E12 series 4R7 to 10 Megohms 

Linear Carbon pre-sets 100mW and %W 100R to 4M7 E6 series 

Miniature polyster capacitors 250V working for vertical mounting 

.015, .022, .033, .047, .068-4p. 0.1 - 5p. 0.12, 0.15, 0.22 - 6p. 0.47 - 8p. 0.68 - 8p. 1.0 - 12p 
Mylar (polyester) capacitors 100V working E12 series vertical mounting 
1000p to 8200p - 3p. .01 to .068 - 4p. 0.1 - 5p. 0.12, 0.15, 0.22 - 6p. 0.47/50V - 8p 
Submin ceramic plate capacitors 100V wkg vertical mountings. E12 series 

2% 1 .8pf to 47pf - 3p. 2% 56pf to 330pf - 4p. 10% 390p-4700p 

Disc/plate ceramics 50V E12 series 1PO to 1000P, E6 Series 1500P to 47000P 
Polystyrene capacitors 63V working E12 series long axial wires 

10pf to 820pf - 5p. 1000pf to 10,000pf - 6p. 12,000pf 

741 Op Amp - 20p. 555 Timer 

cmos 4001 - 20p. 4011 - 22p. 4017 

ALUMINIUM ELECTROLYTICS (Mfds/Volts) 

1/50, 2.2/50, 4.7/50, 10/25, 10/50 

22/16, 22/25, 22/50, 33/16, 47/16, 47/25, 47/50 

100/16, 100/25 7p; 100/50 12p; 100/100 

220/16 8p; 220/25, 220/50 10p; 470/16. 470/25 

1000/25 25p; 1000/35, 2200/25 35p; 4700/25 

Submin, tantalum bead electrolyics (Mfds/Volts) 

0.1/35, 0.22/35, 0.47/35, 1.0/35, 3.3/16. 4.7/16 

2.2/35, 4.7/25, 4.7/35, 6.8/16 15p; 10/16, 22/6 

33/10, 47/6, 22/16 30p; 47/10 35p; 47/16 60p; 47/35 

VOLTAGE REGULATORS 

1A + or — 5V, 8V, 12V, 15V, 18V & 24V - 55p. 100mA. 5.8, 12, 15, V + 

DIODES (piv/amps) 

75/25mA 1N4148 2p. 800/1A 1N4006 4%p. 400/3A 1N5404 14p. 115/15mA OA91 .. 8p 
100/1A 1N4002 3%p. 1000/1A 1N4007 5p. 60/1.5A S1M1 5p. 100/1A bridge 25 
400/1A 1N4004 4p. 1250/1A BY 127 10p. 30/15A OA47 

Zener diodes E24 series 3V3 to 33V 400mW - 8p. 1 watt 

Battery snaps for PP3 - 6p for PPO 

L.E.D.’s 3mm. & 5mm. Red, Green, Yellow - 10p. Grommets 3mm - 2p. 5mm 

Red flashing L.E.D.’s require 9-12V supply only 

Mains indicator neons with 220k resistor 

20mm fuses 100mA to 5A. O. blow 6p.A/surge 10p. Holders, chassis, mounting 

High speed pc drill 0.8, 1.0, 1.3, 1.5, 2.0mm - 30p. Machines 12V dc 

HELPING HANDS 6 ball joints and 2 croc clips to hold awkward jobs 

AA/HP7 Nicad rechargeable cells 90p each. Universal charger unit 

Glass reed switches with single pole make contacts - 8p. Magnets 

0.1” Stripboard 2%” x 1” 9 rows 25 holes - 25p. 3% x 2%” 24 rows 37 holes 

Jack plugs 2.5 & 3.5m - 14p; Sockets Panel Mtg. 2.5 & 3.5m 

Ear pieces 2.5 & 3.5mm, dynamic. — 20p; 3.5mm crystal 

TRANSISTORS 

BC107/8/9 - 12p. BC547/8/9 - 8p. BC557/8/9 - 8p. BC182, 182L, BC183, 183L, 
BC184, 184L, BC212, 212L - 10p. 

BC327, 337, 337L - 12p. BC727, 737 - 12p. BD135/6/7/8/9 - 25p. BCY70 - 18p. 
BFY50/51/52 - 20p. 

BFX88 - 15p, 2N3055 - 50p, TIP31, 32 - 30p, TIP41, 42 - 40p. BU208A - £1.20, BF195, 197 - 12p 
lonisers with seven year guarantee, list price £16.95 £12.50 


All prices are inclusive of VAT. Postage 30p (free over £5). Lists Free. 


THE CR SUPPLY CO 


127 Chesterfield Rd., Sheffield S8SORN 
Tel: 0742 557771 Return posting 
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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS- : : 
OVP LOUDSPEAKERS -19 INCH STEREO RACK AMPLIFIERS STAMPED FOR CATALOGUE « 


OMP MOS-FET POWER AMPLIFIERS THOUSANDS PURCHASED Ohl ed ee ae) 5 SUPPLIED READY BUILT AND TESTED. 
HIGH POWER, TWO CHANNEL 19 INCH RACK BY PROFESSIONAL USERS These modules now enjoy a world-wide reputation for quality, reliability and performance at a realistic price. Four 


models are available to suit the needs of the professional and hobby market i.e. Industry, Leisure, Instrumental and Hi-Fi 
etc. When comparing prices, NOTE that all models include toroidal power supply, integral heat sink, glass fibre P.C.B. and 
drive circuits to power a compatible Vu meter. All models are open and short circuit proof. 


THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 


OMP/MF 100 Mos-Fet Output power 110 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 45V/uS, 
T.H.D. typical 0.002%, Input Sensitivity 5}00mV, S.N.R. 
-110 dB. Size 300 x 123 x 60mm. 

PRICE £40.85 + £3.50 P&P 








































OMP/MF 200 Mos-Fet Output power 200 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 50V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 5}00mV, S.N.R. 
-110 dB. Size 300 x 155 x 100mm. 

PRICE £64.35 + £4.00 P&P 






FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W) 


MXF600 (300W + 300W) MXF900 (450W + 450W) 
ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN 
FEATURES: xindependent power supplies with two toroidal transformers * Twin L.E.D. Vu meters * 
Level controls * Illuminated on/off switch * XLR connectors * Standard 775mV inputs * Open and short circuit 
proof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate * Very low 
distortion * Aluminium cases * MXF600 & MXF900 fan cooled with D.C. loudspeaker and thermal prote 


ction 
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. ~ . 
SIZES:- MXF200 W19"xH3%2" (2U)xD11” 
MXF400 W19"xH5"4" (3U)xD12” 
MXF600 W19"xH5%4" (3U)xD13” 
MXF900 W19"xH5"4" (3U)xD14%.4” 
PRICES:-MXF200 £175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 














OMP/MF 300 Mos-Fet Output power 300 watts 

R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 

* -3dB, Damping Factor >300, Slew Rate 60V/uS, 

SS _T.H.D. typical 0.001%, Input Sensitivity 5}00mV, S.N.R. 
, -110 dB. Size 330 x 175 x 100mm. 

PRICE £81.75 + £5.00 P&P 
































OMP/MF 450 Mos-Fet Output power 450 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
@-3dB, Damping Factor >300, Slew Rate 75V/uS, 
y T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti-Thump Delay. Size 385 x 210 x 105mm. 
PRICE £132.85 + £5.00 P&P 

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz. 

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC. 

























* Manual arm * Steel chassis * Electronic speed 
control 33 & 45 R.P.M. * Vari pitch control * High 
Ss torque servo driven DC motor * Transit screws * 
aN 12” die cast platter * Neon strobe * Calibrated 
_ balance weight * Removable head shell * 12” 
cartridge fixings * Cue lever& 220/240V 50/60Hz 
» * 390x305mm * Supplied with mounting cut-out 
= template. 
PRICE £61.30 + £3.70 P&P 


STANTON AL500mk11 GOLDRING G950 
PRICE £16.95 + 50P P&P PRICE £7.15 + 50P P&P 


STEREO DISCO MIXER DJ650C * WITH ECHO x 


STEREO DISCO MIXER with 2 x 7 band 

L & R graphic equalisers with bar graph 
LED Vu meters. MANY OUTSTANDING 
FEATURES:- including Echo with repeat & 
speed control, DJ Mic with tone control 
& talk-over switch, 7 Channels with 
individual faders plus cross fade, Cue 
Headphone Monitor. Useful combination of 
the following inputs:- 3 turntables (mag), 3 




















Vu METER Compatible with our four amplifiers detailed above. A very accurate 
visual display employing 11 L.E.D.s (7 green, 4 red) plus an additional on/off 
indicator. Sophisticated logic control for very fast rise and decay times. Tough 
moulded plastic case, with acrylic tinted front. Size 84 x 27 x 45mm. 

PRICE £8.70 + 50p P&P 


LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
+ se cent an AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH] 
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E. 
(SOp STAMPED) FOR COMPLETE LIST. 


P| - From McKenzie Professional Series 
S - From McKenzie Studio Series 


McKENZIE:- INSTRUMENTS, P.A., DISCO, ETC 


ALL McKENZIE UNITS 8 OHMS IMPEDANCE 
8” 100 WATT PP C8-100GP GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO. 


























































































mics, 5 Line for CD, Tape, Video etc. RES. FREQ. 80Hz, FREQ. RESP. TO 7KHz, SENS 96cB. PRICE £31.45 + £2.00 P&P 
10” 1 OOWATTS'C1 0-100GP GUITAR, VOICE, KEYBOARD, DISCO, EXCELLENT MID. 
SIZE: 482 x 240 x 120mm 


Price £134.99 + £5.00 P&P 























RES. FREQ. ITs FREQ. RESP. TO 6KHz, SENS97cB. PRICE £38.89 + £2.50 P&P 
10” 2OOWATT S'C10-200GP GUITAR, KEYB’D, DISCO, EXCELLENT HIGH POWER MID. 
PIEZO ELECTRIC TWEETERS - MOTOROLA RES. FREQ. 69Hz, FREQ. RESP. TO 5KHz, SENS 97cB. PRICE £53.21 + £2.50 P&P 
Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved § 12” 100WATT P| C12-100GP HIGH POWER GEN. PURPOSE, LEAD GUITAR, DISCO. 
transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required § RES.FREQ. 49Hz, FREQ. RESP. TO 7KHz, SENS 98dB. PRICE £40.35 + £3.50 P&P 
these units can be added to existing speaker systems of up to 100 watts (more if two are put in series. FREE 12’ 10O0WATT |P' C12-100TC (TWIN CONE) HIGH POWER, WIDE RESPONSE, P.A., VOICE, DISCO. 
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. RES. FREQ 45Hz, FREQ. RESP. TO 12KHz, SENS 97<B. PRICE £41.39 + £3.50 P&P 
2, TYPE ‘A’ (KSN1036A) 3” round with protective wire mesh. Ideal for 12, 2OOWATT S C12-200B HIGH POWER BASS, KEYBOARDS, DISCO, P.A. 


s¢ bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P. RES. FREQ. 45Hz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE £71.91 + £3.50 P&P 

































i ‘ 12” 300WATT S'C12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARDS, DISCO ETC. 
~ TYPE ‘B’ (KSN1005A) 3'2" super horn for general purpose speakers, f RES. FREQ. “OHS FREQ. RESP. TO 7KHz, SENS 100dB. PRICE £95.66 + £3.50 P&P 
disco and P.A. systems etc. Price £5.99 + 50p P&P. 15” 100WATT P'C15-100BS BASS GUITAR, LOW FREQUENCY, P.A., DISCO. 
TYPE ‘C’ (KSN1016A) 2"x5" wide dispersion horn for quality Hi-Fi sys- J RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS 98cB. PRICE £59.05 + £4.00 P&P 
Lg rt pa ae dal Bat an RES. FREQ. 40H FREQ RESP YO oKNis SENG SEGE PRICE £80.57 ~ £4.00 PAP 
‘TD Woe wae : : : ‘ z, . . z, : E . 
biel ee a nie pane ae rien’ 15” 250WATT S'C15-250BS VERY HIGH POWER BASS. 
ponse retained extending down to mid-range (2KHz). Suitable for high I Res FREQ. 39Hz, FREQ. RESP. TO 4KHz, SENS 99cB. PRICE £90.23 + £4.50 P&P 
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P. 15” 400WATT S C15-400BS VERY HIGH POWER, LOW FREQUENCY BASS. 
TYPE ‘E’ (KSN1038A) 33.” horn tweeter with attractive silver finish trim. f RES. FREQ. 40Hz, FREQ. RESP. TO 4 KHz, SENS 100dB. PRICE £105.46 + £4.50 P&P 
Suitable for Hi-Fi monitor systems etc. Price £5.99 + 50p P&P. 18” SOOWATT S C18-500BS EXTREMELY HIGH POWER, LOW FREQUENCY BASS. 
LEVEL CONTROL Combines, on arecessed mounting plate, level control @ RES. FREQ. 27Hz, FREQ. RESP. TO 2KHz, SENS. 98dB. PRICE £174.97 + £5.00 P&P 





and cabinet input jack socket. 85x85mm. Price £4.10 + 50p P&P. EARBENDERS:- HI-FI, STUDIO, IN-CAR, ETC 


ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual impedance tapped @ 4 & 8 ohm) 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND 
8” 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 















OMP LINNET LOUDSPEAKER 

















































RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97cB. PRICE £8.90 + £2.00 P&P 
THE VERY BEST IN QUALITY AND VALUE 10” SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 
RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE £13.65 + £2.50 P&P 
Made especially to suit today’s need for compactness with high output 10” 100WATT EB10-100 BASS, HI-FI, STUDIO. 
sound levels, finished in hard wearing black vynide with protective RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96cB. PRICE £30.39 + £3.50 P&P 
corners, grille and carrying handle. Each unit incorporates a 12” driver 12” 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO. 
plus high frequency horn for a full frequency range of 45Hz-20KHz. RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 P&P 


Both models are 8 Ohm impedance. Size: H20” x W15” x D12”. 
CHOICE OF TWO MODELS 
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 


OMP 12-100WATTS (100dB) PRICE £163.50 PER PAIR 
OMP 12-200WATTS (200dB) PRICE £214.55 PER PAIR 


SPECIALIST CARRIER DEL. £12.50 PER PAIR 


N-CAR STEREO BOOSTER AMP 


FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 

54" GOWATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 

RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. PRICE £9.99 + £1.50 P&P 
62" GOWATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 

RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB. PRICE £10.99 + 1.50 P&P 
8” GOWATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC. 

RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PRICE £12.99 + £1.50 P&P 
10” GOWATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC. 

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE £16.49 + £2.00 P&P 


RANSMITTER HOBBY KITS 


PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
COMPLETE WITH CIRCUIT AND INSTRUCTIONS 






































THREE SUPERB HIGH POWER 
CAR STEREO BOOSTER AMPLIFIERS 
150 WATTS (75 + 75) Stereo, 150W 
Bridged Mono 
250 WATTS (125 + 125) Stereo, 250W 
Bridged Mono 
400 WATTS (200 + 200) Stereo, 400W 
Bridged Mono 
ALL POWERS INTO 4 OHMS 
Features: 





































PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0.5AMP. 
PRICE £14.85 + £1.00 P&P 

FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH 

VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATTERY. 
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. * Stereo, bridgable mono * Choice of PRICE £8.80 + £1,00 PHOTO: 3W FM TRANSMITTER 
high & low level inputs * L & R level 
PRICES: 150W £49.99 250W £99.99 le *& Bemote ono * k 
400W £109.95 P&P £2.00 EACH a A ee a a al li “ “ 

POSTAL CHARGES PER ORDER £1.00 MINIMUM. OFFICIAL 

ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLCs ETC. BARCLAYCAR | UNITS 18 5 COMET WAY, SOUTHEND-ON-SEA, 
PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA AND VISA i |=} —)] => ta - 2 

ACCESS ACCEPTED BY POST, PHONE OR FAX. Tel: O702-527572 Fax.:0702 -4a20243 











ici 





